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CLARENCE STONE YOAKUM 
1879-1945 


Yoakum was a psychologist who 
worked in many fields of the science 
and also in administration. Three rela- 
tively definite phases of his career can 
be distinguished. As a graduate stu- 
dent at Chicago and professor at the 
University of Texas he investigated hu- 
man fatigue and animal learning, with 
an excursion or two into the borders of 
the abnormal. The First World War 
turned him to the field of testing. After 
the war he transferred his efforts in test- 
ing to personnel and related fields of in- 
dustrial psychology. After a few years, 
these shifted again to problems of edu- 
cation and administration. His inter- 
ests and activities showed a wider range 
than those of most men. 

Clarence Stone Yoakum was born in 
Lawrence County, Kansas, on January 
11, 1879. He was an A.B. of Campbell 
College, Kansas, in 1901, and continued 
there for two years after graduation as 
instructor in psychology and education. 
The following years he was an instructor 
in mathematics and science in Hiawatha 
Academy, Kansas. He was appointed 
to a fellowship in the University of Chi- 
cago which he held for two years, re- 
ceiving the doctorate in 1908. Imme- 


diately following he was appointed to a 
professorship and chairmanship of the 
Department of Psychology at the Uni- 
versity of Texas. Here he remained un- 
til the outbreak of the war in 1917, 
when he entered the psychological serv- 
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ice of the Army. During the war he 
was advanced in rank from First Lieu- 
tenant to Major, and in function from 
testing at Camp Lee to supervisor of 
testing work at all Army camps. 

In 1919 he went to the Carnegie In- 
stitute of Technology at Pittsburgh 
where he joined a group of men who 
had also been working with tests in the 
Army program. Under Bingham they 
adapted the knowledge and skills they 
had acquired to related problems in in- 
dustry. Yoakum held the post of Pro- 
fessor of Applied Psychology and Di- 
rector of Personnel Research from 1919 
to 1924. In 1919 he married Louise 
Branch Storey of Austin, Texas, and 
they entered upon the life at Pittsburgh 
together. At this time he became inter- 
ested in the application of the results of 
studies of the individual’s interest to 
a determination of the most suitable 
profession. Although Yoakum himself 
published relatively little, Freyd and 
others give credit to his direction in the 
obtaining of their results. While it 
lasted, this group was a vital influence 
in industrial psychology. 

In 1924 Yoakum was appointed Pro- 
fessor of Personnel Management and 
Director of Personnel Research in the 
School of Business Administration at 
the University of Michigan. In 1927 
he added to his duties the direction of 
a bureau of educational research for the 
university as a whole. In 1929 he was 
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called to Northwestern University as 
Dean of the College of Liberal Arts. 
After one year he was called back to 
the University of Michigan as Vice- 
President, with his main duties the di- 
rection of educational research and as 
consultant in matters of university per- 
sonnel. In 1935 he was made Dean of 
the Graduate School in addition to his 
other work. Shortly after he assumed 
these duties, the Rackham Foundation 
made available funds for a building and 
for a research fund whose direction fell 
largely to his charge. This fund was 
used in part for research in human rela- 
tions, tests and a speech clinic, among 
other activities. 

Yoakum’s publications were also va- 
ried in scope, corresponding to his teach- 
ing and administrative activities. His 
first work was his thesis ‘An experimen- 
tal study of fatigue,’ published as a Psy- 
chological Review Monograph in 1909. 
The method used was unique. The stu- 
dents were first drilled to make series 
of groups of taps or lip movements in a 
definite pattern until the process became 
automatic. The movements were re- 
corded on a kymograph. Then they 
were asked to add a given number of 
units to each group in the pattern or to 
multiply each group by a number, and 
this changed pattern was repeated. It 
was assumed that a change in rate of 
movement or the number of errors would 
give an indication of fatigue. This ex- 
pectation was not confirmed. Both rate 
and errors varied little and irregularly. 
The only marked indication of fatigue 
was an accumulation of errors in groups 
here and there in the work, and, in two 
individuals, a complete collapse which 
prevented further recording. The pe- 
riods of accumulated errors distributed 
themselves irregularly over the course 
of the work. They did not seem to be 
related to the amount of work done. 
Yoakum suggested that they might be 
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related to physiological rhythms, but did 
not conjecture what rhythms were in- 
volved, and made no attempt to corre- 
late them in the records with known 
rhythms. 

Introspections were made that indi- 
cated some relation between the imagery 
used in controlling the movements and 
the development of errors. Failure of 
imagery or periods of distraction accom- 
panied some of the groups of errors. 
Main importance in theory was placed 
upon the movements. Fatigue sensa- 
tions were mostly ascribed to muscles, 
and usually to muscles that were not 
supposed to be used in the movements 
of tapping but to remote and more gen- 
eral groups. Some statements seem to 
anticipate the behavioristic theory that 
was to be formulated a few years later. 
Yoakum made some remarks later that 
indicated his acceptance of that view but 
never published a definite statement of 
his beliefs on the subject. 

A study of the learning process in 
squirrels also dates from the Chicago 
period. This is a brief paper whose 
main contribution is that squirrels learn 
by a trial-and-error process. They dif- 
fered from white rats mainly in never 
permitting themselves to be handled, in 
having their learning processes inhibited 
readily by emotional reactions and be- 
ing subject to confusion of the method 
being learned with other similar experi- 
ments. The same paper gave results 
on temperature discrimination. The 
method was rather rough and shows only 
that differences of 25° may be discrim- 
inated. 

While Professor at the University of 
Texas Yoakum published a report on 
the complication experiment and two 
studies of imagery and memory. The 
brief statement of the complication ex- 
periment suggested that the after-image 
of the pointer might disturb the results. 
The results themselves are not different 








from those reported by other workers. 

The more interesting of the memory 
studies described a case of exceptional 
memory marked by ability to recall cap- 
ital letters presented twelve at a time, 
three rows of four each, even after the 
lapse of considerable periods. The in- 
dividual was a girl exceptionally compe- 
tent as a student, but rather unadjusted 
socially, and tending to the abnormal. 
It proved that the observer spontane- 
ously connected the letters to be learned 
in groups of two or more with an in- 
cident and would build the incidents 
into a story. The stories were some- 
times drawn from her experience, at 
other times they were constructions 
that had become fixed enough to ap- 
proach the complexes of the abnormal. 
Analysis of the method explained the 
unusual accuracy in recall and aided in 
understanding some of the peculiarities 
of the student. 

Best known of the works with which 
Yoakum was associated is ‘Army men- 
tal tests,’ in collaboration with Yerkes. 
After the various committees brought 
together reports on different phases of 
the work, Yerkes and Yoakum worked 
over the results to give an over-all pic- 
ture of the methods, of the conclusions 
that might be drawn from them for the 
use of the army classification and the 
broader implications for many political, 
social and educational problems. The 
early portion of the book gives an out- 
line of the relationship between stand- 
ing in the tests and various evidence of 
military value. These showed that rank 
was closely similar to the standing in 
the scores. Standing in officers’ training 
schools correlated closely with grades 
made in the tests. The branches of the 
service differed greatly in intelligence as 
measured by the test, although some of 
the results were unexpected. Medical 
officers were near the bottom, engineers 
at the top. The occupations in civil life 
showed a close relation to the grades 
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The material of the book has be- 
come so well known that it needs no 


made. 


summary. 

For a period after the war Yoakum 
devoted himself to problems of person- 
nel in industry. His courses at the Car- 
negie Institute of Technology and his 
practical work with business concerns 
put an emphasis upon this field in his 
writing as well. He studied the methods 
that might be used in selecting a profes- 
sion for an individual and the selection 
and training of employees by business 
firms. Among several publications on 
these topics we may mention ‘The selec- 
tion and training of salesmen’ in which 
he was associated with Kenagy. It is a 
thorough treatment of the whole prob- 
lem of sales management. Three chap- 
ters are devoted to psychological tests 
and the limits of their practical appli- 
cation. The other chapters cover the 
organization and management of serv- 
ices and the details of training and su- 
pervision. It is definitely a practical 
book but does contain many references 
to psychological principles and impor- 
tant statements’ on psychological prob- 
lems incidental to the more practical 
purposes. 

Yoakum added to his professorship 
the duty of directing a bureau of uni- 
versity research in 1927. He had am- 
ple funds at his disposal and competent 
assistants. The duties and facilities 
gave a direction to the researches of his 
later life. In the early period he sug- 
gested a series of studies on correlations 
of various criteria used (or indicated) 
to measure the capacities of students in 
the university. These studies were con- 
tinued and extended over a number of 
years. The results were brought to- 
gether in 1940 in a study by Yoakum, 
P. S. Dwyer and Charlotte Horner en- 
titled ‘A statistical summary of the rec- 
ords of students entering the University 
of Michigan as freshmen in the decade 
1927-1936.’ Hundreds of different cri- 
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teria were used in the correlations. 
Most emphasis was given to sixty-four 
of the measures frequently used as the 
basis of college entrance. Correlations 
with university grades range from — 12 
for age to 0.46 for some of the tests. 
The total result indicates most strongly 
that there is a large element of chance 
in the selection of individuals for col- 
lege entrance. This result might be ex- 
pected, since grades for different years 
in college correlate for the most part 
only in the fifties. 

The study covered some ten thou- 
sand individuals over a decade. It is 
one of the most comprehensive investi- 
gations on record in the number of indi- 


viduals considered and in the number 
of measurements and criteria applied. 
It should be definitive in the subject 
until new tests are devised. Other stud- 
ies are in the preliminary stages. 

As an administrator Yoakum won 
the respect of his superiors. In the 
army he impressed the military with his 
ability to get things done. His col- 
leagues relied on him to straighten out 
the work of testing in camps where fric- 
tion had developed. The positions he 
held in universities indicate the esteem 
in which he was held by the men in 
authority. 

W. B. PrLisspury 

University of Michigan 
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PAIRED COMPARISONS AND THE LOGIC 
OF MEASUREMENT 


BY HAROLD GULLIKSEN 


Princeton University 


I. INTRODUCTION 


During the past decade several cri- 
tiques and surveys of psychological 
measurement have appeared in the lit- 
erature (1, 2, 7, 8, 12, 16, 17). Some 
of these articles have given a detailed 
discussion of certain methods of psy- 
chological measurement and concluded 
that these methods lack the fundamental 
characteristics of true measurement (2, 
7, 8, 12, 17). These articles, however, 
have entirely ignored important devel- 
opments of the last twenty years in the 
theory dealing with the method of 
paired comparisons (9, 10, 11, 13, 14, 
15, 18, 19, 20, 21, 22, 23, 24). It is 
important to consider paired- compari- 
sons and the law of comparative judg- 
ment carefully, when considering meth- 
ods of psychological measurement, since 
this method has great flexibility and 
generality, has a good theoretical foun- 
dation; and a complete system of in- 
ternal checks on itself. The law of 
comparative judgment, stated by Thur- 
stone (18), provides a basic method, 
which is free from many of the objec- 
tions that can be raised against other 
methods. 

The purpose of this paper is to pre- 
sent a somewhat broader definition of 
measurement than that given by other 
writers (2, 3, 4, 5, 6, 7, 8), and to show 
that scales constructed by the method 
of paired comparisons will satisfy this 
broader definition of measurement. It 
will be shown that such scales have a 
point for point correspondence with cer- 
tain types of physical measurement, and 
that such scales have valuable proper- 
ties not possessed by ordinal or rank 
order scales. 


Since it is generally agreed that psy- 
chophysical scales satisfy the require- 
ments of ordinal scales we will first re- 
view briefly the requirements of ordinal 
scales and show in particular that scales 
constructed by the method of paired 
comparisons satisfy these requirements. 
We will then consider the more contro- 
versial topic of the relationship of paired 
comparisons to ‘extensive’ or ‘additive’ 
scales. Since all the writers on the topic 
of measurement have accepted the re- 
quirements for measurement laid down 
by Campbell (4) we will consider in 
particular the relation of paired com- 
parison scales to the requirements listed 
by Campbell. 


II. Orpinat SCALES 


The establishment of an ordinal or 
rank order scale for a series of objects 
or ‘systems’ depends upon the existence 
of two relationships, of which one is 
transitive and asymmetric, and the other 
is transitive and symmetric, as indicated 
by Campbell (4, p. 5). Such relations 
as ‘brighter than,’ ‘louder than,’ and 
‘heavier than’ are illustrations of transi- 
tive asymmetric relations that obtain 
between sensations, and can be detected 
by the method of paired comparisons. 
If the percentage of subjects who judge 
“A brighter than B” is greater than 50 
per cent, then our ‘test’ shows that A is 
brighter than B. This relationship is 
obviously asymmetric, and numerous 
psychophysical experiments have shown 
that the relation is transitive. That is to 
say, if the percentage of judgments “A 
brighter than B” is greater than 50 per 
cent and the percentage of judgments 
“B brighter than C” is greater than 
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50 per cent, then we also find that the 
percentage of judgments ‘A brighter 
than C’ is greater than 50 per cent. 
Such relations as ‘equally bright,’ 
‘equally loud,’ and ‘equally heavy’ are 
illustrations of transitive symmetric re- 
lations that obtain between sensations. 
Two lights are presented and the sub- 
jects are asked “Which is brighter?” 
If a tabulation of the results shows that 
50 per cent say “A is brighter than B” 
and 50 per cent say “B is brighter than 
A” then the two lights are ‘equally 
bright.’ This relationship is clearly 
symmetrical, so that if the evidence 
shows that A equals B, then also B 
equals A. Furthermore, our general 
knowledge of results in psychophysics 
tells us that if another light C is found, 
such that we get 50 per cent judgments 
“B brighter than C” and 50 per cent “C 
brighter than B,” then within the limits 
of experimental error we will find that 50 
per cent will judge “A brighter than C” 
and 50 per cent will judge “C brighter 
than A.” Thus the relation will be ex- 
perimentally demonstrated to be transi- 
tive, since if A equals B and B equals 
C, then A equals C. It should be noted 
here that in psychophysics, just as in 
physical measurement, one must use 
very precise methods in order to verify 
the transitive property of the relation 
‘equals.’ It is easily possible to select 
a series of, let us say, six sensations (A, 
B, . . . F), such that the judgments 
would be “A equals B,” “B equals C,” 
etc. to “E equals F,” and then to find 
“A brighter than F.” The same sort of 
difficulty is encountered in physical 
measurement of, let us say, a series of 
weights, each differing from the other 
by a fraction of an ounce. In determin- 
ing equality it is necessary to make use 
of extremely precise measurements if 
one is to avoid this difficulty. In the 
case of sensations, the method of paired 
comparisons furnishes the best method 
of obtaining precision, since an indefi- 
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nitely large number of judgments can 
be obtained, and two sensations are de- 
fined as equal only when exactly fifty per 
cent of the judgments are “A heavier 
than B” and the other fifty per cent are 
“B heavier than A.” If this is true for 
several hundred judgments, then the 
transitive property of the relation 
‘equals’ will doubtless be verified for 
the method of paired comparisons. 
Also, just as one must be careful to 
rule out the effects of friction in a bal- 
ance, so one must adopt precautions 
against time, space, and other sorts of 
error in psychophysics. With some pre- 
cautions such as these regarding preci- 
sion of method, it is generally agreed 
that sensations and other psychological 
material exhibit these two types of rela- 
tionships (transitive asymmetric and 
transitive symmetric) and hence that or- 
dinal scales can be established. 

In summary of this first point then, 
it can be seen that psychophysics pro- 
vides a test for the relationships ‘equals’ 
and ‘greater than’ and that the first of 
these relationships is symmetric and 
transitive, while the latter is asymmetric 
and transitive. Our experience with 
psychophysical scales is sufficient to in- 
dicate that when one makes due allow- 
ance for experimental error, then these 
relationships also fulfill the ‘Axioms of 
order.’ Given a set of N objects we 
can rank them in order and assign a 
number (from 1 to NV) to each of the 
objects. 

Such a scaling method, however, is 
defective in that the number assigned to 
an object depends entirely upon the par- 
ticular choice of the N objects to be 
scaled. A given object can have the 
number ‘3’ in one series and the number 
‘N’ when it is regarded as a member of 
another series. New objects not in the 
original set have only an approximate 
position in the scale. They may be lo- 
cated as between two members of the 
scale, or as being outside of the scale at 
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one end or the other. If two different 
scientists set out to scale the same at- 
tribute, the results obtained by one 
could not be readily translated into the 
terms of the other, unless, of course, 
they had previously reached complete 
agreement on the exact set of NV objects 
to be scaled. Furthermore, there is no 
arithmetical operation that can be per- 
formed with the assigned numbers (1 
to N) that has any parallel in an op- 
eration which can be performed with the 
objects. For example, if we take the 
object number ‘2’ and object number 
‘5’ in a series we cannot, by using these 
two objects, perform any operation the 
results of which are indicated by ‘3’ 
(5 — 2) or by ‘7’ (5 +2), etc. That 
is to say, there is no arithmetical op- 
eration on ordinal numbers that has a 
parallel in an experimental operation 
with the corresponding objects. There 
is, of course, the trivial exception that 
the difference between two numbers is 
one greater than the number of objects 
on the arbitrary scale lying between the 
two objects with these numbers. For 
example, between object ‘6’ and object 
‘2’ there are three (or 6 — 2 — 1) ob- 
jects. However, counting the number of 
objects lying between objects ‘6’ and ‘2’ 
is not an operation wiTH the objects ‘6’ 
and ‘2.’ The ‘extensive’ or ‘additive’ 
type of scale does not have these limita- 
tions. We turn next to a consideration 
of this type of scale. 


III. EXTENSIVE SCALES 


Additive magnitudes are divided into 
three types: fundamental, derived, and 
defined (4, pp. 14 and 94). The terms 
defined and derived are applied to mag- 
nitudes which are measured only as 
some function of fundamental magni- 
tudes. Density, for example, is a de- 
rived magnitude, since it is measured as 
the ratio of mass and volume, which are 
both fundamental magnitudes. A fun- 
damental magnitude can be measured 
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without the previous measurement of 
any other magnitude; therefore, we will 
consider first the measurement of funda- 
mental magnitudes. Weight and length 
would be two illustrations of fundamen- 
tal magnitudes. 

According to Campbell’s (4) analysis, 
an extensive scale can be constructed 
only if an operation of ‘addition’ can be 
performed experimentally with the ob- 
jects (or ‘systems’) being considered. 
Such an operation can always be found 
in the case of fundamental measurement 
in Physics. 

For example, to ‘add’ lengths, two 
sticks are laid end to end; to ‘add’ 
weights, the two weights are placed in 
the same pan of a balance; to add elec- 
trical resistances, the two resistances are 
connected in series; to add electrical 
conductances, the two conductances are 
connected in parallel; and so on. How- 
ever, Campbell maintains that when we 
examine the material of psychology no 
such operation has been found. For ex- 
ample, it is contended that there is no 
way to take the pitch of one note and 
add it to the pitch of another note, no 
way to add one brightness to another, 
etc. At least it is contended that as yet 
no way has been found. Besides defin- 
ing some operation which may be desig- 
nated addition, it is necessary to find 
experimentally that this operation of 
addition satisfies certain requirements. 

First it is necessary to find experi- 
mentally that the sum of two magni- 
tudes has a magnitude that is greater 
than that of either of the parts. This 
condition clearly obtains for the addi- 
tion of length, weight, resistance, or con- 
ductance as indicated above. Density 
of liquids would be an illustration of a 
magnitude which does not satisfy this 
property. No way has been found of 
experimentally ‘adding’ two liquids, and 
obtaining a liquid of a density greater 
than either of the two components. 
Density is thus not a fundamental mag- 
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nitude. It can be measured only after 
other magnitudes have been measured. 
For the same reason, temperature is not 
a fundamental magnitude. 

It is also necessary that the magni- 
tude of a sum depend only on the mag- 
nitudes of the parts, and not upon the 
order or the method of addition (3, 4). 
It is conventional to state this general 
principle in three separate parts. 


1. Equals plus equals gives equals. 

2. Adding A to B gives a result iden- 
tical with that obtained by adding 
B to A. 

3. Adding C to (A+B) gives the 
same result as adding (B + C) to 
A. 


These conditions are given as neces- 
sary for fundamental measurement (4, 
also 3, 6, 7, 8, 12, 17). It is contended, 
and no one has as yet successfully dis- 
puted this contention, that for the ma- 
terial of psychology, no operation of 
addition has been found that meets 
these requirements. Therefore it is ar- 
gued that the psychological magnitudes 
of psychophysics cannot be fundamental 
magnitudes. 

It is also asserted that the other types 
of magnitudes (derived and defined) de- 
pend upon the fundamental magnitudes, 
and are simply a function of one or more 
fundamental magnitudes. It is held 
that it is pointless to ‘measure’ sensa- 
tions simply as some arbitrary function 
of the stimulus, so that sensations and 
other material of psychology cannot be 
meaningfully measured as derived or de- 
fined magnitudes. Therefore, since ces- 
sation magnitudes are neither fundamen- 
tal, derived, nor defined magnitudes, 
they cannot be magnitudes at all (7, 8). 

This line of argument demonstrates 
that it is possible to define ‘measure- 
ment’ in such a way that ‘psychological 
measurement’ does not satisfy the defi- 
nition. A generalization of the “opera- 
tion of addition which can be performed 
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experimentally with the objects” will be 
presented. It will be shown that paired 
comparisons scales satisfy this broader 
definition, have useful properties not 
possessed by ordinal scales, and have, 
formally, a point-for-point correspond- 
ence with certain types of physical meas- 
urement. 

No attempt will be made to decide 
whether scales constructed by the 
method of paired comparisons are fun- 
damental, derived, defined, or some 
other type of scale. It will be shown, 
however, that these scales have not only 
all the properties of ordinal scales, but 
also many of the additional character- 
istics of ‘extensive’ or ‘additive’ scales 
used in physical measurements. 

It does not seem that any special im- 
portance should attach to the operation 
of addition. The important thing is 
that numbers can be assigned to objects 
in such a way that an operation (not 
necessarily addition) with two numbers 
will indicate the result of some experi- 
ment which can be performed with the 
two objects represented by these num- 
bers. This experiment should be inde- 
pendent of the rest of the population of 
scaled objects. In other words, a set of 
objects has been scaled when a number 
has been assigned to each object, and 
when some operation with these num- 
bers enables one to predict the results 
of some experiment with the objects. 
This generalization clearly includes the 
case of addition given by Campbell. 
The sum of the two numbers represent- 
ing two weights, gives the number of 
the weight that will balance those two 
weights. Also the difference between 
the two numbers representing any two 
weights is the number of the weight nec- 
essary to balance the scale when the 
two weights are on opposite sides. The 
same sort of illustrations could be given 
for. length, electrical resistance, electri- 
cal conductance, etc. The operation of 
addition in these cases performed upon 














PAIRED COMPARISONS AND LOGIC OF MEASUREMENT 


numbers, gives another number, and this 
new number represents the results of an 
experiment that may be performed with 
the objects represented by the first two 
numbers. In the case of psychophysics, 
the operation is subtraction. In the case 
of fundamental physical magnitudes the 
operation is addition. It may be noted 
that for fundamental magnitudes, dif- 
ferent investigators following the proce- 
dures outlined by Campbell would, when 
working in complete independence of 
each other, obtain scales which differed 
only in the arbitrarily selected ‘unit of 
measurement.’ Hence the scale devel- 
oped by one investigator could be trans- 
formed into that of another by the equa- 
tion y = ax. In the case of psychophys- 
ics the equation would be y = ax + 5, 
since there is nothing in the method of 
psychophysics to insure that the value 
of 5 would be zero.* 


IV. Parrep Comparisons (ONE- 
DIMENSIONAL CASE) 


It will be shown that scales con- 
structed by the method of paired com- 
parisons and Thurstone’s law of com- 
parative judgment (18) not only satisfy 
all the criteria of ordinal scales as indi- 
cated above, but also have the following 
characteristics: 

1. Scale values can be assigned in 
such a way that an operation (subtrac- 
tion) of any two scale values represents 
the results of an experiment with the 
two items designated by these scale val- 
ues. Thus these scales illustrate a gen- 
eral characteristic of which the additive 
property of fundamental magnitudes is 
another special case. 

2. The scale values are not dependent 
upon the particular population of ob- 
jects chosen. This property removes an- 


1 At least there is no such method that has 
been verified. One attempt (10) has been 
made to formulate a psychophysical method 
by which the zero point could be experimen- 
tally determined. 
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other of the limitations of ordinal scales 
mentioned above. One of the properties 
of extensive magnitudes is that once the 
measurement system is set up, new ob- 
jects will fit readily into the already es- 
tablished scheme. Such is also the case 
for scales constructed by the method of 
paired comparisons. 

3. The scale values are not dependent 
upon any arbitrarily assumed relation- 
ship, or upon any experimentally deter- 
mined relationship to another magni- 
tude; hence such scales perhaps could 
not be regarded as either derived or de- 
fined magnitudes. However, psycho- 
logical scales, as indicated later, have 
many properties of ‘distance.’ Since 
Campbell lists physical distance as a 
defined magnitude he might possibly 
feel that psychophysical scales are also 
illustrations of defined magnitudes. 

In the method of paired comparisons 
the subject is presented with two stimuli 
and asked to judge which is greater with 
respect to some characteristic such as 
size, brightness, redness, beauty, etc. 
We can assign a set of numbers to these 
objects, such that the difference between 
each possible pair of numbers represents 
some experiment which can be under- 
taken with the corresponding objects, 
and which will satisfy the other require- 
ments given above. 

We can outline briefly the psycho- 
physical procedure using the problem of 
scaling six lights with respect to bright- 
ness as an illustration. The lights are 
designated A, B, C, D, E, and F. 

Step 1. Present the subject with each 
possible pair AB, AC, etc. to EF, and 
ask “Which is brighter?” Repeat this 
procedure for each of the fifteen possible 
pairs of lights until a reliable determina- 
tion has been made of the ‘percentage 
of judgments i greater than j’ (where ‘i’ 
and ‘j’ assume in turn each value from 
A to F). 

Step 2. Convert these percentages 
into ‘distances’ (from A to B, A to C, 
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etc. to E to F) by some appropriate 
procedure. The appropriateness is to 
be checked in the next step. The pro- 
cedure usually used has been to use 
tables of the normal curve, so that if the 
percentage of judgments “A greater than 
B” is indicated by the shaded area in 
Fig. 1, then the distance from A to B is 
the base-line distance indicated by the 
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brighter than j” is 50, which indicates a 
distance of zero. 


TABLE 1 


THe Distances ‘ij’ ARE Set up SysTem- 
ATICALLY TO FACILITATE CHECKING 
FOR A LINEAR SCALE 


arrows. 
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Fic. 1. The relationship between ‘per cent 
of judgments A > B’ and the ‘distance be- 
tween A and B’ is shown. 














Step 3. Check to see that these dis- 
tances satisfy the criterion for a linear 
scale. In any linear scale the number 
representing the distance AB when 
added to the number representing the 
distance BC should give the number 
which represents the distance AC. This 
statement is true for all possible pairs 
of distances. The easiest systematic 
way to set up this check is to arrange 
these ‘distances’ as shown in table 1. 
In this table AB is used to represent 
the distance from A to B while BA 
(= — AB) represents the distance from 
B to A. The distance from an object 
to itself (AA, BB, etc.) is experimen- 
tally determinable if the objects cannot 
be identified uniquely. For instance, 
the brightness of two lights is the same 
when the percentage of judgments “i 


In actual experimentation it is usu- 
ally assumed that AA, BB, etc. equals 
zero, and also assumed that ij equals 
negative ji. These assumptions can be 
checked experimentally. 

The distances between adjacent points 
(indicated by underlining in the table) 
should, when added in various combina- 
tions, give each of the other entries in 
the table (except the principal diagonal 
entries of zero). For a rapid and sys- 
tematic survey of the data, the easiest 
thing to do is to plot each possible pair 
of columns on a graph. The criterion 
for a linear scale is satisfied if each plot 
is a straight line with a slope of unity. 
It can readily be seen that there is noth- 
ing in the mechanics of the procedures 
outlined which forces these plots to all 
be straight lines with unit slopes, so 
that if this occurs it demonstrates a very 
interesting property of the judgments 
for that set of objects. 

Step 4. If this internal consistency 
check is satisfied, it is possible to take 
the intercept of the plots of adjacent 
columns as representing the distances 
AB, BC, CD, DE, and EF, and to 
arbitrarily assign A the value zero. 





4 B ¢ D__& F 
0 AB AC AD AE AF 
Fic. 2. One possible result of scaling procedures is illustrated. 
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Then B receives the value AB, C the 
value AB+ BC, D the value AB+ 
BC + CD, and F receives the value of 
the sum of all five distances (see Fig. 
2). We have thus assigned a number 
to each of the six lights, and this set of 
numbers has a very interesting property. 
The difference between the numbers rep- 
resenting any two objects, such as i and 
j, will, with the aid of a table of the 
normal curve, give a close approxima- 
tion to the percentage of judgments “i 
greater than j.” That is to say, six 
numbers (one for each object) and one 
operation (subtraction) summarizes, or 
will enable one to predict, the results 
of N(N — 1)/2 (in this case 15) inde- 
pendent experimental observations. The 
economy of representation is not great 
when dealing with only six objects, but 
in the case of 20 objects, for example, 
the same techniques, if successful, could 
be applied so that 20 numbers and one 
operation would summarize (or predict) 
the results of 190 observations which 
are experimentally independent of one 
another. 

Let us see if this method satisfies the 
criteria which were attributed to it ear- 
lier. 

1. Scale values are not dependent on 
the particular population of objects or 
systems chosen. It is clear that a row 
(and corresponding column) of table 1 
may be removed without affecting the 
values remaining, and hence not affect- 
ing the scale values, unless the zero 
point happens to be the point removed, 
in which case there is a constant amount 
subtracted from each of the scale values. 
Also, if new points are added this does 
not disturb the already existing rela- 
tions, and hence does not disturb any 
scale values unless, of course, one 
thereby chooses a new zero point. 

2. The scale values are not dependent 
upon any arbitrarily assumed relation- 
ship to any other magnitude. It will 
be noted that the physical measure- 
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ments of the stimuli need not be known 
at all, except that they might serve as 
convenient tags for duplicating the ex- 
periment. The criterion of internal con- 
sistency is judged to be satisfied, or not 
satisfied, depending wholly upon rela- 
tionships within the dimension being 
considered. 

3. The scale values have a meaning, 
in the sense that the difference between 
any two scale values for, say, i and j, 
indicates the percentage of judgments 
“i greater than j.” 

One way in which such a scale differs 
from fundamental magnitudes should be 
emphasized here. In the case of weight, 
for example, the two numbers (of 
weights) subtracted give a number 
which also represents a weight, namely, 
the weight it takes to balance the scales. 
In the case of psychophysics the new 
number is not the number of another 
sensation. It represents something quite 
different, namely, the percentage of 
judgments “i > j.” This same property 
is possessed by many of the derived or 
defined scales, but is not a characteristic 
of ‘fundamental magnitudes,’ so that 
psychological measurement is not fun- 
damental measurement according to 
such a criterion. The topic of defined 
magnitudes is discussed so briefly by 
Campbell that it is difficult to determine 
whether or not he would regard the 
scales of psychophysics as defined mag- 
nitudes. 

It should be noted here that the fore- 
going illustration assumed only the sim- 
plest case of the law of comparative 
judgment, and assumed that the inter- 
mediate category was eliminated, i.e., 
that all judges were forced to judge 
either that “i is brighter than j,” or 
that “j is brighter than i.” It is pos- 
sible to handle the intermediate cate- 
gory, and it is possible to deal with cases 
other than the simplest one illustrated. 
However, the outline of the main points 
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is best presented if such complications 
are not introduced. 

Also, it should be pointed out that 
several scaling studies have been suc- 
cessfilly carried out using this simplest 
case; therefore, it is not so simplified 
as to be unusable. Thurstone (19) 
applied the method of paired compari- 
sons and the law of comparative judg- 
ment to a list of 19 offenses, ranging 
from rape and homicide through per- 
jury and smuggling to vagrancy. For 
each possible pair of offenses the judges 
were asked “Which is the more serious 
offense?” On the basis of the percent- 
age of subjects judging “i more serious 
than j” these 19 offenses are each given 
psychological scale values such that the 
difference between these scale values 
represents the proportion of judgments 
“j more serious than j.” That is to 
say, with 19 numbers and one operation 
of subtraction, it is possible to summa- 
rize (or to predict) the results of 171 
operationally independent experiments 
(18 X 19)/2. It should also be pointed 
out that we have here a case in which 
no measurement of the physical magni- 
tude is possible, since there is no physi- 
cal magnitude to correspond with the 
‘seriousness of an offense,’ so it is clear 
that we are not dealing with a derived 
or defined magnitude in this case, un- 
less the percentage of persons making a 
given judgment is regarded as the de- 
fining fundamental magnitude. 

There is a similar application of the 
method of paired comparisons and the 
simplest case of the law of comparative 
judgment to the measurement of na- 
tionality preferences (20). In_ this 
study the stimuli used are the names 
of different nationalities, Norwegian, 
English, Turkish, etc. The judges are 
asked which nationality they prefer. In 
an unpublished master’s thesis Frederick 
R. Eggan studied the effect of the form 
of the question upon judgments. For 
example, in constructing a scale of na- 
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tionality preferences will one result be 
obtained when the question is, “Which 
nationality would you rather associate 
with?” and quite different results be 
obtained when the question is, “Which 
nationality would you rather your sister 
married?” Five different questions were 
asked of five different groups of sub- 
jects. One group was asked which na- 
tionality they would rather associate 
with; a second group, which they would 
prefer as a fellow student; a third group, 
which they would prefer as a neighbor; 
a fourth group, which they would pre- 
fer to have their sister marry; and a 
fifth group, with which they would pre- 
fer to do business. The rank order cor- 
relations among these five different sets 
of scale values ranged from .972 to .995. 
It is realized, of course, that as far as 
theory of scaling is concerned it is im- 
material whether the foregoing experi- 
ment had revealed one scale for the five 
different forms of questions, or five 
scales, one for each form. However, if 
scale values for a set of nationality pref- 
erences remain the same with consider- 
able variation in the form of question 
asked, one has a more general and 
hence a more useful scale than if the 
values varied with each change in the 
form of the question. For example, it 
is a very convenient property of length 
that it may be measured with a ruler, 
string, or by triangulation with the same 
results in all three cases. Furthermore, 
since the results in Eggan’s experiment 
were the same for five different groups 
when each group was tried with a differ- 
ent form of the question, it is reasonable 
to suppose that if the form of the ques- 
tion had been the same, then the results 
would have been comparable. That is 
to say, the results are not dependent 
upon the group of subjects that do the 
scaling, provided, of course, that they 
do not have too widely different cultural 


backgrounds. For example, we would 
expect to find that the scale values of 
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‘English’ and ‘Turk’ found for a group 
of Englishmen would be different from 
the scale values found when the judges 
were a group of Turks. 

The comparability of scales con- 
structed by different psychological meth- 
ods has also been studied (9). Again 
it is not logically essential that scales 
constructed by different methods should 
be linearly related to each other. How- 
ever, one’s confidence in his understand- 
ing of a scientific method is increased if 
it is possible to vary the method in ac- 
cordance with certain principles and find 
that results are not affected. Hevner 
(9) found that the rank order method 
and the method of paired comparisons 
gave results that were linearly related 
to each other. However, this was not 
true for the method of equal appearing 
intervals when compared with either of 
the other two methods. 

This problem was pursued further by 
Saffir (15). He substituted the method 
of successive intervals for the method of 
equal appearing intervals, and found 
linear relations between scales con- 
structed by paired comparisons, by rank 
order and by successive intervals. It 
is interesting to note that Reese (12) 
criticizes Hevner, on the ground that 
there was no careful attempt to instruct 
the subjects to make the intervals 
equal.?, When the possibility of unequal 
intervals which appears in the experi- 
mental conditions is allowed for in the 
scaling theory applied, then three differ- 
ent scaling methods all agree. Again it 
must be emphasized that while such 
agreement is not essential for the basic 


2 It is of interest to note that the discussions 
of mental measurement (1, 2, 7, 8, 12, 17) do 
not refer to any of the articles on psychophys- 
ics (9, 10, 11, 13, 14, 15, 18, 19, 20, 21, 22, 
23, 24) listed here, with the sole exception 
that Reese (12) refers to Hevner’s study (9). 
In this citation, however, the significance of 
the agreement between the method of rank 
order and paired comparisons was completely 
ignored. 


207 


theory of scaling, it does increase one’s 
confidence in the methods, and in the 
theory on which they are based. 


V. Parrep Comparisons (MUuLTI- 
DIMENSIONAL CASE) 


We have seen that there are several 
experimental studies which have success- 
fully used the simplest case of the law 
of comparative judgment with omission 
of the intermediate category. However, 
in order to illustrate the scope of mod- 
ern psychophysics we will consider one 
additional complication. What is the 
appropriate procedure when the check 
of internal consistency as listed in Step 3 
above is not satisfied? 

If the internal consistency check is 
not satisfied by any of the methods de- 
scribed by Thurstone (18), then there 
are two alternative procedures open. 
One is to seek some distribution law, 
other than the normal curve, such that 
when it is used the internal consistency 
check will be satisfied. The other is to 
assume that one is not dealing with a 
one-dimensional system and to see if 
the set of judgments will be ‘consistent’ 
if one adopts procedures proper for a 
space of dimensionality greater than 
one. Let us illustrate this extension in 
some detail for the case of six points in 
a two-dimensional continuum. In con- 
sidering such problems as those cited 
above of nationality preferences or seri- 
ousness of offenses, it is not implausible 
to assume that in some cases the check 
of internal consistency for a linear con- 
tinuum will not work. 

It should be noted here that Camp- 
bell (3, 4) explicitly considers the case 
of two and higher dimensional continua, 
and says that it is impossible to regard 
objects scattered in such a space as be- 
ing ‘measured.’ If the definition of 
addition as given by Campbell is rigidly 
adhered to, then it is probable that in 
a continuum greater than one-dimen- 
sional it would be impossible to define 
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a unique operation of addition. How- 
ever, if one takes the broader definition 
previously suggested in Section III, then 
the difficulty disappears, since it is easy 
to have some operation that is per- 
formed with numbers in a two-space cor- 
respond to an experimental operation 
with the objects. Dr. Campbell points 
out that the objects in two-space can 
be represented by different codrdinate 
systems, and hence there is no unique- 
ness in the representation by numbers. 
However, the mutual inter-distances of 
a set of points is the same regardless of 
the codrdinates to which they are re- 
ferred. If these distances have some 
experimental parallel, then the number 
system would be very useful. For ex- 
ample, points may be located on a map 
and by means of a coérdinate system it 
is then possible to determine the dis- 
tance between any two points on the 
map. To make a complete table of all 
the distances from each point to each 
other would be a much less convenient 
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representation than would the map. In 
the case of psychological objects in a 
two-space (or higher space) the same 
thing is true. The interpoint distances 
are invariant, regardless of the codrdi- 
nate system. Nevertheless, just as with 
the map, some codrdinate system, even 
a completely arbitrary one, is more con- 
venient than a table of all interpoint 
distances. Let us turn to a concrete il- 
lustration of this point. 

Suppose we have the six points or 
objects shown in Fig. 3. For such a set 
of six points there are fifteen inter-point 
distances which are shown by the (solid 
and dotted) lines in Fig. 3. The points 
might, for example, be six offenses, as 
indicated above, to be judged with re- 
spect to relative seriousness, or they 
might be a set of six nations to be judged 
with regard to the ‘probability of war’ 
between each possible pair (11). The 
scaling procedure is to repeat Steps 1 
and 2 as indicated above. 

Step 1. Present the subject with each 
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Fic. 3. The six points to be scaled are shown in a two-space. 














possible pair of offenses and ask “Which 
is more serious?” Determine the per- 
centage of judgments “i more serious 
than j.” 

Step 2. Convert the obtained per- 
centages into distances by some appro- 
priate procedure. 

Step 3. Observe that there is no lin- 
ear plot between all possible pairs of 
columns of the entries corresponding to 
those in Table 1. 

Step 4. Since these inter-point dis- 
tances uniquely determine the dimen- 
sionality of the space occupied by the 
set of points (23) it is possible to apply 
Young and Householder’s test to deter- 
mine the dimensionality of the space oc- 
cupied by the set of points. 

If our test shows that the points oc- 
cupy a two-space, then an appropri- 
ately selected set of mine inter-point dis- 
tances such as those shown by the solid 
lines in Fig. 3 will suffice to determine 
the other six distances. The converse 
also holds; namely, if a set of nine of 
these distances are necessary and suffi- 
cient to determine the other six, then 
the points are distributed in a two-space. 

Step 5. It is then possible to assign 
codrdinates to each point. Since we 
have a plane or a two-space, two num- 
bers are assigned each point, as indicated 
in Fig. 3. 

Step 6. By appropriate rules of vec- 
tor subtraction it is now possible to cal- 
culate each of the 15 distances shown 
in Fig. 3 from the six codrdinates (a pair 
of codrdinates for each point) illustrated 
in Fig. 3. 

We have here again a very useful 
numbering system, since from the six 
double codrdinates and the appropriate 
operation of vector subtraction we can 
calculate each of the 15 experimental 
distances, or predict the percentage of 
persons who will judge one offense more 
serious than the other. New points may 
be added to the system without disturb- 
ing the numbering system of the old set. 
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This is another way of saying that this 
type of scale has advantages beyond the 
ordinal scale. Likewise, the scale is 
completely self-contained with a two- 
dimensional, instead of a one-dimen- 
sional, check of internal consistency. 
It is not clearly a derived or defined 
scale, since it is not based upon observed 
or assumed relationships to other mag- 
nitudes. In other words, it has the ma- 
jor characteristics of the one-dimen- 
sional psychophysical scales discussed 
above. 

It is to be noted that in dealing with 
a three-space or higher space we would 
proceed by the same steps, except that 
the codrdinates assigned would be sets 
of three numbers to each point for a 
three-space, sets of four for a four-space, 
etc. 

In each case a composite number 
would be assigned to each object, and 
these numbers together with an appro- 
priate operation of vector subtraction 
would enable one to predict the results 
of a large number of experiments. 

Again this multi-dimensional method 
has had a few experimental try-outs. It 
has been applied by Richardson (13) 
to a set of colors differing in gray-value 
and in saturation. A two-dimensional 
continuum was found adequate in this 
case. Klingberg (11) applied the 
method to a study of the likelihood of 
war between various nations.* He used 
a short scale separation to indicate a 
small probability of war and a larger one 
to indicate greater probability of war. 
He found that a three-dimensional con- 
tinuum was satisfactory for representing 
the relative ‘friendliness’ of six nations, 


8In these studies of Richardson and of 
Klingberg a slight variant of the method of 
paired comparisons called the ‘method of 
triads’ was used. Since the bases of the two 
methods are similar no detailed reconsidera- 
tion is necessary. The method of triads uses 
paired comparisons of distances between ob- 
jects, rather than of objects. Otherwise the 
considerations applying to one method also 
apply to the other. 
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Great Britain, France, the United States, 
Italy, Germany, and Japan. The inclu- 
sion of Russia added a fourth dimension 
to the system. 


VI. PsycHopnysics COMPARED WITH 
SURVEYING 


Let us recapitulate the main points of 
one-, two-, and higher dimensional psy- 
chophysics by showing the analogy be- 
tween operations performed in psycho- 
physics and those performed in survey- 
ing a tract of land. There is a close 
parallel between the operations per- 
formed in psychophysics and the pro- 
cedure of a surveyor. If the surveyor 
is working in a linear continuum, that 
is to say, if he makes a map of a row 
of houses or other objects that lie in 
a straight line, he can measure the dis- 
tance from A to B, from B to C, and 
from A to C, and then check his re- 
sults by adding the first two distances 
to see if they equal the third one. For- 
mally this is the same procedure that 
is followed in the linear case outlined 
above for the law of comparative judg- 
ment. However, the psychologist is 
more systematic and makes a complete 
set of measurements of distances be- 
tween all possible pairs of points in 
order to get a complete set of checks. 
The measurements of the surveyor are 
more accurate, so he makes only a few 
of the possible checks. 

Let us turn now to the two-dimen- 
sional case. If it is found that the dis- 
tance AB plus the distance BC is greater 
than the distance AC (instead of being 
equal to AC) then one is dealing with a 
two-dimensional continuum or a plane 
surface. When the surveyor is working 
in a plane surface (as he usually is) 
arithmetic addition cannot be used to 
check his measurements. It is necessary 
to use a more complex formula to check 
his measurements, The psychologist 
would use the Young and Householder 
method for checking the dimensionality 
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of a set of points. No one expects the 
distance from Chicago to Memphis plus 
the distance from Memphis to New 
York to equal the distance from Chi- 
cago to New York. We recognize here 
that we are dealing with a two-dimen- 
sional space, and instead of assigning 
each city one number to represent it, 
each location is assigned two numbers 
(such as latitude and longitude) to rep- 
resent position in a two-space. As far 
as usefulness is concerned, for indicating 
locations on a map, any arbitrary set of 
coérdinates would suffice. It happens 
that we have reached agreement on the 
particular set to be used. If the psy- 
chologist finds his material occupies a 
two-space it may be necessary to adopt 
an arbitrary set of codrdinates until 
some agreement or method of reaching 
an agreement is decided upon. 

As the surveyor extends the area sur- 
veyed he finds that the formulas suitable 
for a plane surface or a flat two-space 
no longer work. He is dealing with a 
curved two-space, the surface of the 
earth, and the distances will check only 
if a set of formulas is used which is 
suitable for such a space. So far in 
the psychological investigations no one 
has found a set of points, the inter-dis- 
tances of which will check only if he 
uses formulas appropriate for a curved 
two-space. 

If the surveyor is checking measure- 
ments between points in a mountainous 
terrain, then he must use formulas ap- 
proriate to a three-space in order to 
check his results. In the psychological 
work the problem is similar. A three- 
dimensional space, and even a four- 
dimensional space, was found necessary 
for the results of Klingberg (11). To 
designate points in a three-dimensional 
space it is mecessary to assign three 
numbers to each point. The surveyor 
would call these latitude, longitude, and 
altitude. Higher dimensional cases have 
not yet been sufficiently investigated in 
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psychology for any general agreement 
to have been reached on the particular 
axes to be used. However, any set of 
axes will specify the points so that the 
distances between them can be calcu- 
lated from sets of three numbers, using 
the rule for vector subtraction. 

It should be emphasized again that 
the method of paired comparisons and 
the law of comparative judgment deal 
solely with the psychological object. 
This object may be a sensation, which 
has a definite physical stimulus corre- 
late, and the subject may be asked to 
judge which sound is louder or which 
is higher, or he may be asked to judge 
which light is brighter. In such cases 
the accuracy of the subject’s judgment 
may be checked by physical measure- 
ment. However, the method of paired 
comparisons and the law of comparative 
judgment would apply just as well if 
the subjects were asked to judge which 
picture is more beautiful, or with which 
nationality they would rather associate. 
In these cases there is no physical cor- 
relate. There is no way to check the 
accuracy of a judgment. However, it is 
still possible to use these scaling meth- 
ods and to assign to each object a num- 
ber that is valuable, in that the differ- 
ence between the numbers representing 
any two objects will indicate how the 
judgments will divide with respect to 
those two objects. 


VII. SumMMARY 


To summarize the line of argument 
presented here we may list the follow- 
ing major points. 

1. The critiques of psychological 
measurement appearing during the past 
decade have carefully considered sev- 
eral different psychological scaling meth- 
ods, but have ignored the significant 
features of the method of paired com- 
parisons and the law of comparative 
judgment (18) as well as the various 
illustrations, developments, and exten- 
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sions of this method appearing since 
Thurstone’s 1927 article. It is neces- 
sary to consider this method carefully 
since it has several advantages over 
other psychological scaling methods. 

2. This method satisfies all the re- 
quirements for, and properties of, ordi- 
nal scales. 

3. In addition to satisfying criteria 
for ordinal scales, scales constructed by 
this method satisfy a generalization of 
the criterion specified by Campbell for 
additive scales. An operation (subtrac- 
tion) with the numbers representing any 
two objects gives another number which 
predicts the distribution of judgments 
with respect to those two objects. This 
percentage can be verified in complete 
independence of the rest of the scale. 
This means that the simple device of 
using V numbers and one operation will 
predict (or summarize) the results of 
(N —1)N/2 independent experiments. 
However, it should be noted that we 
start with two numbers, each represent- 
ing a sensation, and that the difference 
does not represent a sensation but a per- 
centage of judgments. In the case of 
fundamental magnitudes, such as weight 
or length, the numbers representing two 
weights when subtracted give another 
number which also represents a weight. 
Scales in psychophysics do not possess 
this characteristic of fundamental mag- 
nitudes. 

4. The scale values of a set of objects 
are not dependent upon the particular 
population of objects chosen. Once the 
measurement system is set up, new ob- 
jects will fit readily into the already 
established scheme. 

5. The scale values are not depend- 
ent upon any arbitrarily assumed rela- 
tionship, or upon any experimentally de- 
termined relationship to another magni- 
tude; hence it would seem that such 
scales cannot be regarded as either de- 
rived or defined magnitudes. (See 7 
below.) 
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6. These methods have been tried out 
sufficiently in numerous experiments to 
indicate that the methods are feasible 
ones. 

7. A close parallel can be traced be- 
tween the measurement of distance in 
the physical sense and the scale values 
of psychophysics. Since distance is clas- 
sified as a defined magnitude in Camp- 
bell’s system (4, p. 95) it may be that 
the similarities between measurement of 
distance and the law of comparative 
judgment indicate that paired compari- 
son scales should be classified as defined 
magnitudes. However, regardless of the 
details of subclassification of extensive 
magnitudes psychophysical scales have 
many of the important properties of ex- 
tensive scales in physical measurement. 

8. The method of paired compari- 
sons has been extended so that objects 
may be scaled even though they are 
not in a linear continuum. Does such 
‘multi-dimensional scaling’ constitute 
‘measurement’? Campbell (4, p. 12) 
maintains that multi-dimensional series 
probably do not form ‘scales’ unless they 
can be resolved into a combination of 
one-dimensional systems. In other words, 
Campbell defines measurement to in- 
clude only linear continua. However, 
criterion 3 above, the generalization of 
Campbell’s additive criterion, is satis- 
fied for these multi-dimensional scales. 
Thus they do constitute ‘measurement’ 
if one accepts the generalization given 
in criterion 3 above. 

It is hoped that this exposition of 
the characteristics of the method of 
paired comparisons and the law of com- 
parative judgment will lead to a more 
critical examination of the properties of 
the method by persons interested in the 
logic of measurement. The develop- 
ments of the last twenty years in this 
method furnish much valuable material 
which should not be completely ignored, 
as it has been in all recent discussions 
of the logic of measurement. 
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REPETITION AND LEARNING. III. MEMORY 
AND THOUGHT 


BY THOMAS W. COOK 
Acadia University 


I. Memory 


The term memory has often been 
given a meaning wider than I intend 
to give it here. It has in fact been 
used to signify any effect of past ex- 
perience on present performance. This 
makes memory synonymous with learn- 
ing. There are, however, two features 
that might be thought to distinguish 
memory from other learning functions. 
These are reference to the past, and re- 
currence in the absence of the original 
stimuli. The former is usually called 
recognition, and the latter recall or re- 
production. In the narrower sense of 
the term, we speak of recognition when 
we know we have had that experience 
before, and of recall or reproduction 
when the experience recurs without the 
original stimuli. But there is no such 
invariable association that would justify 
the application of a single term to phe- 
nomena bearing both of these and only 
these characteristics. Reference to a 
past is common, for example, in some 
forms of perceptual recognition with the 
original stimuli present, and, though it 
is not usually the case, recognition can 
accompany any sort of learned activity. 
On the other hand, occurrence in the 
absence of the stimulus can appear in 
its most complete form without past ref- 
erence. 

The relation of past reference to repe- 
tition poses some difficult problems. 
Elsewhere (4, 192) I have discussed 
some aspects of perceptual recognition, 
and as it is more convenient to study 
the role of repetition in recognition with 
the stimuli present, I shall not attempt 
to add anything here. This paper will 
be concerned with the most distinctive 


characteristic of the memorizing proc’ 
ess, the faithful reproduction (within 
the desired limits) of the original ex- 
perience in the absence of the stimuli. 

(1) Absence of the stimulus. It is a 
curious paradox that in memorizing, 
where repetition is most prominent as 
a factor in learning, the final goal is to 
do without the stimuli. Repetition of 
stimuli helps us to become independent 
of those stimuli. Here in clearest form 
is the central difficulty of the relation 
between repetition and learning. 

Behavioristic associationism has never 
accepted this interpretation, but has in- 
stead emphasized ‘substitute’ stimuli. 
That substitution of stimuli occurs is 
undoubted. In animal experiments its 
manipulation provides the chief control 
of the changes that occur during learn- 
ing. And all human perceptions and 
skills are dependent upon stimuli in late 
as well as early stages of learning. In 
many cases the behavior acquires some 
relative independence of stimuli as learn- 
ing progresses, but in the main the stim- 
ulus emphasis merely shifts. Even in 
memorizing or imagining there is an ir- 
reducible minimum of kinaesthetic and 
organic stimuli, and it is a reasonable 
guess that these are necessary for the 
occurrence of psychological processes. 
But it is conceivable that their role is 
chiefly maintenance of the framework 
or ‘schema’ within which learning oc- 
curs, and not the provision of substitute 
cues. 

The test case that makes it difficult to 
accept the explanation of human mem- 
ory in terms of substitute stimuli is the 
retention of a sensory pattern after one 
presentation of the stimulus. I sit at 
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the window and glance over the land- 
scape. Then I shut my eyes and at- 
tempt to recall the picture. Before me 
is a lawn crossed by a road, in the left 
foreground a telephone pole, further 
back a house, and to the right another 
long building. I open my eyes and real- 
ize that I missed a lot, but how did I 
remember so much from one stimulus 
presentation? It seems improbable that 
the substitution of organic or kinaes- 
thetic stimuli had anything to do with 
it other than provide the experience of 
my body as a frame of reference. 

It would be a mistake, however, to 
regard ability to retain and report mem- 
ory ‘images’ as independent of repeti- 
tion. For this ability depends in turn 
upon the earlier development of special 
attitudes, and in all probability upon 
language. And these are not learned 
without repetition. On the other hand, 
the capacity upon which the report of 
imagery is based must in turn be 
grounded in perceptual organization and 
in the retention of such organization 
upon the removal of stimuli, since it ap- 
pears in fairly complete form in young 
children. Nor is it primarily depend- 
ent upon overt motor expression, since 
the experience is in the psychological 
field whether I report it or sot. 

(2) Organization of material beyond 
the memory span. Because of its useful- 
ness as an aid to recall when the original 
stimuli are no longer present, the devel- 
opment of a system of reference that will 
organize past experience and make it 
available has been highly motivated. 
The record of any event can of course 
be preserved through language. But to 
place that event properly in the past a 
system of reference is necessary. All of 
us make some use of the fact that there 
is a tendency for the sequence of remem- 
bered experiences to follow the original 
sequence of events. In addition we have 
individual reference systems based on 
the temporal order of key events in our 
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lives. 


But for the most part we depend 
upon the clock and the calendar, which 
use the order of the number system to 
signify temporal sequence. 

Most of the laboratory work on mem- 
orizing has been done with verbal mate- 


rials. From the memory point of view 
these are usually classed as rote and 
logical, or nonsense and meaningful. In 
many ways meaningful material is more 
easily remembered than is nonsense ma- 
terial. Its memory span is_ wider, 
amounts beyond the span can be mas- 
tered in fewer repetitions, and the curve 
of forgetting drops more slowly. More- 
over, English, Welborn, and Killian have 
shown that the same passage may be 
divided into rote and logical (v and s) 
items, of which the v items are forgotten 
more quickly than the s items (5). 

Though this is not the place to at- 
tempt a complete analysis of so complex 
a problem, several aspects of the de- 
pendence of memory on meaning stand 
in such obvious relations to repetition 
that they should not be overlooked. 

(a) There is at least a partial truth 
in the common assumption that the 
superiority of meaningful material is due 
to familiarity or repetition, and that 
meaningful material is only more com- 
pletely memorized nonsense material. 
Certainly 123456789, occurring in a se- 
ries of otherwise nonsense numbers, are 
more easily remembered than is the re- 
mainder of the series. 

(6) The part played by similarity or 
repetition in the organization of art 
forms is a worth-while source of mate- 
rial for the psychologist. Since most 
of the laboratory work on memorizing 
has been done with serial materials, I 
shall discuss only the temporal arts. 
For analytic purposes music is the best 
example, since the memory value of its 
patterns is relatively uncomplicated by 
the presence of other types of meaning- 
ful organization. But for illustrative 
purposes poetry. is more convenient, 
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since its repetitive devices have been to 
a greater extent analyzed and given 
names such as rhyme, metre, allitera- 
tion, and assonance. Now, there is lit- 
tle doubt that this type of repetition 
aids remembering. But, besides prose 
sense, there are two factors which make 
experimental analysis unusually diffi- 
cult. In the first place, poetic or mu- 
sical patterns are not just a matter of 
similarity, but of more or less regular 
recurrence of similarity in difference. 
Within a single line of poetry there are 
many varieties of recurring pattern, and 
the problem of assessing the memory 
value of each is complicated not only 
by the interaction of rhyme, metre, al- 
literation, and assonance, but by breaks 
in the regularity. 

In the second place, the aim of the 
poet or composer is not primarily to 
make something easy to remember. He 
uses devices that have high memory 
value in order to effect a more or less 
unitary impression on his audience, and 
he can only do this if we remember what 
went before. But his chief object is to 
induce a certain kind of experience. 
And for this purpose change is as im- 
portant as constancy, for surprise and 
disappointment as well as fulfilment and 
satisfaction are integral features of the 
pattern. It is possible that for a per- 
son sufficiently alive to the delight of 
these surprises they have high memory 
value. On the other hand, I have gath- 
ered some unpublished data which in- 
dicate that the average reader finds un- 
usual twists more difficult to recall than 
the remainder of the passage. 

(c) A third aspect of similarity in 
memorizing is derived from its relation 
to generalization.2 The emergence of 
generalizations also presents problems in 


1 Bell (1) found stanzas of poetry better 
retained than were prose passages made from 
the same words in slightly different order. 

2Not the C-R variety. The present usage 
follows Humphrey (10). 
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the relation of repetition to thinking. 
But with these we are not here con- 
cerned, only with the way in which gen- 
eralizations once made help us to re- 
member. This is achieved to a degree 
by letting a sign (word) stand for a 
similarity. We are then able to remem- 
ber a large number of objects almost 
as easily as one. This only holds true, 
however, if we are concerned exclusively 
with those features of the objects cov- 
ered by the generalization. Thus if we 
have 1000 nonsense syllables we can 
bring these within the memory span by 
the phrase ‘1000 nonsense syllables,’ and 
we can specify further general aspects 
by the words ‘in serial order,’ ‘black,’ 
and so on. And we could if required 
produce a list according to these speci- 
fications. But the concrete, individual 
features of the nonsense syllables, and 
their correct order, we could not repro- 
duce without many hours of memoriz- 
ing. 

At first thought it seems plausible that 
there might exist systems of generaliza- 
tions so logically related that all con- 
crete details are carried by the pattern, 
and no rote memorization is necessary 
in order to remember it completely. 
Scientific and mathematical systems 
most closely approximate this situation. 
But no complex system can be mastered 
without language, and no language can 
be mastered without a minimum of re- 
petitive memorizing. The problem is 
also complicated by the fact that dis- 
covery of the essential relations in a 
complex field can proceed only step by 
step, so that before a learner can master 
the more intricate relations he must al- 
ready have a well-organized body of 
knowledge in the field. Without such 
a possession the materials suitable for 
generalization (if they are differentiated 
at all) are a mass of similar interfering 
elements. 

(3) Rote memorizing. We are told 
by Gestalt psychologists that rote learn- 
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ing is a form of organizing. This may 
be conceded to the extent that learning 
will not occur unless the disconnected 
elements are unified by a set or attitude, 
and that the finished product has many 
properties of organized processes. But 
when this is granted, it still remains that 
the action of repetition or similarity in 
rote memorizing: has many distinctive 
features. 

A useful starting point for discussion 
is Koffka’s hypothesis that repetition 
causes the formation of aggregated trace 
systems which (a) have as many mem- 
bers as there were repetitions, (db) fa- 
cilitate the memory of the trace system 
as such, and (c) inhibit the memories 
of the individual repetitions, just as ag- 
gregation of like elements in a series is 
supposed to inhibit memory of their 
individual peculiarities. By this hy- 
pothesis he explains the difficulty of 
learning nonsense syllables, retroactive 
inhibition, and other well-known phe- 
nomena of rote learning (13, 545). 
Though I believe that this theory repre- 
sents a great advance in our understand- 
ing of the problem, it seems to me at 
best badly stated, and at worst to con- 
tain an error in formulation that might 
retard progress. My chief difficulty is 
that the phrase ‘aggregated trace system’ 
does not seem to make sense. The 
terms ‘aggregation’ and ‘trace system’ 
appear to be contradictory. A trace be- 
comes more systematized by becoming 
better articulated, and articulation and 
aggregation surely have little in com- 
mon. My own interpretation of the ex- 
perimental data is that repetition in- 
creases articulation in one dimension and 
aggregation in a different dimension. 

Perhaps I can avoid wrongly attribut- 
ing to Koffka my changes and additions 
to his theory (since my debt to him 
needs no emphasis) if I restate the prob- 
lem and its solution in my own words. 

(a) My formulation starts from the 
fact that a series has both unity and 
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It is therefore reasonable to 
suppose that the formation of its trace 
has two corresponding dimensions, or- 
ganizing the trace into a unity, and ac- 
centuating the differences within the 


variety. 


trace. The former is usually called the 
formation of bonds. The latter is com- 
monly overlooked, but since the stimu- 
lus-conditioned process has both unity 
and variety, it is as reasonable to sup- 
pose that removal of the stimulus weak- 
ens the differences between the members 
as that it diminishes the unity of the 
total trace. Repetition might then not 
only tie the members of the trace into a 
pattern, but gradually bring the differ- 
ences between its members to the level 
of the stimulus-conditioned state. 

(6) There are differences in the stim- 
ulus-situation other than those between 
members of the series, and these differ- 
ences also may be weaker in the trace 
than in the stimulus-conditioned process. 
The differences between the series and 
its background we may pass over, since 
these are usually so striking that in all 
probability the figure-ground differentia- 
tion is well represented in the trace. It 
would, however, be easy to diminish 
figure-ground differences to such a de- 
gree that they would offer difficulty in 
learning. More pertinent are the dif- 
ferences between the trace of one repe- 
tition and that of the next. That the 
two must be to some extent differenti- 
ated in the trace system is deduced by 
Koffka, on the ground that we can re- 
member two or more repetitions as dis- 
tinct events (13, 440). It should be 
noted, however, that in serial learning 
these differences are not nearly so great 
as the differences within a series. The 
stimulus-conditioned difference between 
two repetitions is only the occurrence of 
no stimulation or of background stimu- 
lation. On the other hand, the members 
of a series (of digits, for example) are 
differentiated from one another not only 
by an interval between them, but by dif- 
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ferences of form between the members 
of the series. In order for its units to 
be as much alike as are successive repe- 
titions, a series would have to consist of 
identical members, as ------ or 222222. 

(c) In repeating a series mental set 
favors both unity and diversity within 
the series. Inter-repetition differences 
are favored by no such set, for increase 
of unity between the members of a se- 
ries of repetitions is so valueless that no 
one would think of attempting to acquire 
it. Ordinarily if we want to remember 
the individual repetitions it is much 
more convenient merely to count them. 
It should be noted, however, that achiev- 
ing unity-in-diversity within a number 
of successive repetitions is not an im- 
possible task. One can take any num- 
ber of identical repetitions (say 20) as 
a series. Eventually if we go over these 
20 repetitions (no more and no less) 
again and again for a long enough pe- 
riod, we will finally be able to remember 
them in another fashion than that of 
designating them by a number. The 
series of 20 repetitions will gradually 
become an organized trace, unified but 
with each member distinct. 

In view of the difficulty of the prob- 
lem, perhaps it would be worth while 
to put the situation more concretely. 
Suppose we consider three repetitions of 
a series ABCDE. 


Repetition 1 ABCDE 
Repetition 2 ABCDE 
Repetition 3 ABCDE 


Now, supposing that after repetition 1 
has ended, the trace of A B C D E is 
less unified and differentiated than it 
was with the stimulus present. When 
repetition 2 occurs, it increases both 
the unity and diversity of the trace of 
repetition 1. This is ‘horizontal organi- 
zation.’ At the same time, the difference 
in time between repetition 1 and repeti- 
tion 2 causes vertical organization of the 
series, much weaker than the horizontal 
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organization, both because the inter- 
repetition differences are much smaller 
than the inter-series differences, and be- 
cause mental set favors the horizontal 
dimension. Repetition 3 increases the 
horizontal unity and differentiation, and 
decreases the vertical differentiation, and 
so on. 

If now we leave the consideration of 
complete identity, and look at the ef- 
fects of partial identity, it will be found 
possible to formulate a plausible quanti- 
tative statement of the effects of inter- 
series and inter-repetition differences. 
On the one hand, the greater the like- 
ness between A B C D E and its suc- 
cessor, the more will the second series 
benefit by the first. This is the well- 
known type of positive transfer usually 
called practice effect. For example, 
memorizing one nonsense syllable list 
helps most in memorizing another list 
of nonsense syllables, less in subsequent 
memorizing of digits, and still less in 
mastering more widely dissimilar mate- 
rials such as prose or poetry.’ On the 
other hand, the greater the differences 
between A B C D E and its successor, 
the easier it is to remember them both 
as distinct events. It seems quite likely 
that Koffka has here hit upon some re- 
ciprocal function with a common base— 
possibly that a memorizing process is 
favorably affected by a trace to the de- 
gree that they blend, and conversely, to 
the same degree the traces of the two 
are subsequently difficult to hold apart 
as separate events. 

So far we have been discussing the 
effect of the trace of (a) the first repeti- 
tion of a series, upon (5) the later repe- 
titions of the same series, and also upon 


8 Both a-priori considerations and the ex- 
perimental results suggest that on the average 
positive and negative transfers of the paired 
associates type (usually called new S to old 
R and old R to new S) are approximately 
equal and balance each other, and that the 
predominantly positive transfer is due to other 
factors. 
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the tendency for the traces of (a) and 
(6) to remain distinct. But when we 
consider the ‘retroactive’ function of 
repetition, the data require a different 
formulation. When two repetitions are 
identical, there is reason to believe that 
the influence of (a) on (5) is the same 
as the influence of (5) on (a), and that 
both are favorable. But the effects of 
partial identity of (a) and (4) upon the 
recall of (a) present a different picture. 
This is the familiar retroactive inhibi- 
tion set-up. Here the evidence suggests 
that the true answer is along the gen- 
eral lines postulated by Gibson (6). 
Identity aids recall, because between 
identical repetitions there is no need for 
differentiation. But when we get less 
than complete identity, the greatest 
amount of retroactive inhibition is pro- 
duced by material of lowest discrimina- 
bility. This would mean that inter- 


ference of a process with a trace, and 
(or) interference between two similar 


traces at later recall, will decrease as 
ease of discrimination between the two 
increases.° This hypothesis fits all the 
data of McGeoch and his associates (14, 
p. 511). It may also bring into line the 
apparently variant results of the Robin- 
son-Harden-Kennelly experiments (16, 
7,12). These could result from a com- 
bination of the two types of effect men- 
tioned above. (a) When ABCD is pre- 
sented, followed by different numbers 
of new and old letters AFCD, AFCX, 
EFCX, EFKX, the ‘identical’ letters 
may be sufficiently segregated to act like 
identical repetitions, and facilitate re- 
call of the same letters in the preceding 


4A deductive system worked out on the 
basis of my assumptions would of course 
differ in many points from Gibson’s. But 
much of our apparent disagreement is due to 
differences in terminology, and a great deal of 
the remainder could be arbitrated by experi- 
ment. 

5 For simplicity’s sake I have omitted dis- 
cussion of proactive inhibition. 
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series. (5) The inhibiting effect of the 
new letters on the recall of ABCD is a 
function of their discriminability. Since 
in the order given above there are 1, 2, 
3, 4 letters to discriminate from ABCD, 
the difficulty of discrimination should be 
least with AFCD and increase with the 
number of letters to be discriminated, 
being greatest with EFKX. EFKX 
should thus have the greatest inhibitory 
effect on the recall of ABCD, and AFCD 
the least. Both applications of my ad- 
aptation of Gibson’s hypothesis could 
probably be tested by experimental anal- 
ysis along the lines suggested by Boring 
(2). 

Although limitations of space prevent 
it here, there should be no difficulty in 
making a preliminary test of the ade- 
quacy of these hypotheses by attempting 
to fit them to the data accumulated in 
other experiments on recall. For ex- 
ample, the hypotheses fit Von Restoroff’s 
results on crowded and isolated mate- 
rials, since the better remembered iso- 
lated materials are also more discrimi- 
nable. In this, connection there is a 
limiting factor that should be men- 
tioned: the differences in question, in 
order to effect inhibition, probably must 
be demanded by -the conditions of re- 
production. For example, Pillsbury 
and Rausch found that differences of 
color within a series would not pro- 
duce the Kohler-Restoroff phenomenon 
(15). And I suspect that differences 
of color between two visually presented 
repetitions of a list of nonsense syllables 
also would not affect the later recall of 
either, since we are accustomed to neg- 
lect color both in learning and repro- 
duction. 


6 Boring (2) is probably correct in saying 
that we should count numbers of new and old 
letter combinations rather than individual let- 
ters. But the above account is easier to fol- 
low, and once understood can be translated 
into Boring’s terms. 
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II. THoucut 


The term thinking has several con- 
notations in psychology. As related to 
learning, however, it is a form of prob- 
lem-solving using imagery and (or) lan- 
guage. In its most characteristic form 
thinking is non-perceptual. Of course 
only visual and auditory stimuli are 
wholly missing. Kinaesthetic stimuli at 
least remain, but so far as thinking is 
symbolic this is of secondary signifi- 
cance. Any sign can carry any meaning, 
and since the manipulation of meanings 
is crucial in thinking, whether a particu- 
lar meaning is carried by stimulus-condi- 
tioned or imaginal processes is of sec- 
ondary importance. It may be merely 
an accident of development. 

(1) The material of thought. Hum- 
phrey classifies the problems in this field 
into those concerned with the material 
of thought, and the arrangement of 
thought (9). The first of these we have 
already met with in memory and per- 
ception. Now, it is often assumed that 
the materials of both memory and 
thought come from past experience. We 
have seen, however, that memory is not 
reproductive in any absolute sense. In 
memorizing we learn to do without per- 
ceptual aids, and in any specific act of 
memorizing, we select only those mate- 
rials or aspects of the material that we 
want to learn. Not one subject in a 
dozen remembers the color, size, or style 
of type of a series of nonsense syllables, 
only the distinctive form of each syl- 
lable and their serial order. On the 
other hand, however, memory is sup- 
posed to be repetitive in the sense that 
some features of the original experience 
are faithfully reproduced. A good mem- 
ory is one that accurately retains and 
reproduces those features. Thought, on 
the contrary, does not aim at reproduc- 
tion. Its goal is the solution of a prob- 
lem, and it would be surprising if mem- 
ory materials were not changed in the 


process. 
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In America at least the experimental 
study of thinking did not get well under 
way until after the Titchenerians had 
decided that imagery is the only repro- 
duced mental content. Memory images 
were thought to be copies of sensations, 
and were classified in the same cate- 
gories as sensations, visual, auditory, etc. 
The Wiirzburg experiments, however, 
called in question the dominance of 
imagery in thinking. The resulting con- 
troversy centered on two issues: whether 
a new material of thought had been dis- 
covered and whether thinking can pro- 
ceed without images. The failure of 
either party to convince the other on 
these two points tended to obscure the 
positive results of the experimental 
work, namely, that there are great dif- 
ferences in amount, modality, and vivid- 
ness of imagery used in thinking, that 
these differences are unimportant in the 
solutien of many thought problems, and 
that in thinking on abstract topics the 
imaginal content may shrink to a near 
minimum. We should not, however, 
conclude that imagery is unimportant 
in thinking. While its exact role has 
not been definitely decided, there is no 
doubt that many problems are more 
easily solved by its aid. 

That thinking can be relatively inde- 
pendent of any specific modality, qual- 
ity, or intensity of imagery might be 
decided from other evidence. In an 
earlier paper I have suggested the prob- 
able basis of perceptual sign-learning 
(4). Certain perceived movements or 
other sensory patterns become signs of 
something about to happen. Now, these 
signs are mediated by objects and can 
have a full sensory content. But this is 
only because in ordinary experience the 
stimulus properties vary within a nar- 
row range. Actually only a fraction of 
the stimulus is needed to arouse the per- 
ceptual sign, and only a fraction of the 
perception is needed to serve as a sign 
of coming events. All that is required 
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is that the sign be readily discriminable 
from other signs of different events. The 
resulting tendency to simplification of 
signs appears in marked form in written 
language, where it is only kept within 
bounds by the need of moderately fixed 
conventions for communication, and 
more recently by standardization for 
mechanical recording. In thought there 
are no comparable checks, and it would 
not be surprising to find that the sensory 
content of thought reduces to the lowest 
terms compatible with its sign function. 
This is indeed definitely true of my own 
thinking. I can on occasion get fairly 
vivid and detailed imagery. But my 
usual thought processes are governed by 
something like a ‘law of least sensory 
content.’ I tend to use as little imagery 
as possible for the purpose in hand. 
Besides imagery, three chief types of 
material have been postulated, relations, 
attitudes, and whole qualities. Intro- 


spective study of relations during think- 
ing is very difficult, but if we ask 


whether an intelligent adult solves prob- 
lems as if he grasped relations, there 
can only be an affirmative answer. 
Some of the most dramatic develop- 
ments in this field have come from Ge- 
stalt experiments with children and ani- 
mals. But adult human problem-solving 
via language still presents the most un- 
ambiguous evidence. This is currently 
recognized in the statement that human 
adults abstract, generalize, and form 
concepts. What is seldom realized, how- 
ever, is that the evidence is cumulative. 
Relations form systems of which the 
higher order relations depend upon the 
lower order relations. And it is easy 
to demonstrate, introspectively as well 
as by functional analysis of behavior, 
that a subject cannot master the higher 
order relations unless he already knows 
the crucial lower order relations. 

The ‘sets’ and ‘determining tenden- 
cies’ of the Wiirzburg group depend 
chiefly upon functional analysis for 
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proof of their existence. As Humphrey 
has pointed out (9), attitudes were con- 
ceived by their discoverers as a new type 
of content to be added to the imaginal 
elements of the prevailing sensationism. 
However, the changed emphasis in Ge- 
stalt psychology does not mean that 
they have no systematic use for the con- 
cept. Koffka retains attitudes as de- 
fined by the Ego-Object relationship. 
Gestalt psychology has indeed been 
more interested in dynamics than in 
classification. But when their descrip- 
tive terms are lifted from the context 
of specific experiments, what amounts 
to a novel class of content emerges. 
Thus the most obvious products of sen- 
sory organization, which Koffka calls 
‘things,’ and ‘framework,’ are neither 
sensations, images, relations, nor atti- 
tudes. And in his attack upon Organiz- 
ing and Memorizing by Gestalt tech- 
niques, Katona finds evidence for a 
novel class of content which he calls 
‘whole qualities’ (11). 

Katona’s attempts to relate his find- 
ings to the concept of repetition indeed 
bring out cleafly the difficulty of fit- 
ting this concept into a dynamic psy- 
chology. Freud, for example, hardly 
uses the concept of repetition. How- 
ever, if repetition is to be fitted into a 
dynamic context it will not do to say 
vaguely that a pattern or process is re- 
peated. One must discover what con- 
stant and what variable features are 
essential to a particular learning task. 

How, then, can the material of 
thought be related to the idea of repeti- 
tion? As far as concerns the relations 
between earlier and later phases of a 
particular reasoning process, Hum- 
phrey’s notion of a four dimensional 
situation is more applicable than repeti- 
tion (8), since a given reasoning proc- 
ess is psychologically continuous. Such 
breaks as occur do not mark off psycho- 
logical realities. Thus if we decide that 
goal-set is a necessary feature of reason- 
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ing, it is perhaps more accurate to say 
that it is present continuously than that 
it is repeated. Even an enforced break 
through interruption or fatigue does not 
make the next trial a repetition. The 
tension remains, since the problem is un- 
solved, and once the problem is solved 
later trials become exercises in memori- 
zation. Yet in my view certain aspects 
of the problem of repetition are closely 
related to this constancy of content 
within a given act of problem solving. 
The issue in both cases has this common 
feature: what constant and what vari- 
able temporal features are most favor- 
able to a solution? 

(2) The order and succession of 
thoughts. Two types of observational 
fact have furthered the associationistic 
tendency to conceive novelty in thinking 
as change in the order and arrangement 
of material rather than in the material 
itself. (a) It is convenient in experi- 
mental work to arrange objects in the 
environment in such a way that the 
solution of a problem depends upon 
their rearrangement, either physical or 
ideationai. (5) Language, the tool of 
thinking, seemingly consists of a num- 
ber of discrete words, and a given 
thought problem is solved when we can 
rearrange these in an appropriate pat- 
tern. But the fixity and discreteness of 
words are illusory. As signs they might 
have had any of a wide variety of pat- 
terns. The distinctive novelty of thought 
cannot therefore lie in their rearrange- 
ment. On the other hand, when viewed 
as meanings and relationships they are 
seen to vary with learning and with con- 
text. Even moderately fixed meanings 
apply only to sentences or paragraphs. 
The word ‘man’ may vary from extreme 
particularity, as ‘that man,’ to the broad 
generality of man as a species. There- 
fore, while study of language is valuable, 
even essential, we shall discover the role 
of repetition in thinking only by going 
behind the words (as sensory forms) 
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to their meanings, and tracing these 
through successive phases of problem 
solving. 

One other traditional aspect of the 
change-constancy problem in thinking 
should perhaps be mentioned. During 
the pre-solution period, what parts, 
phases, or lines of attack are taken up, 
laid down, and taken up again? The 
names usually siven to this character- 
istic of reasoning (multiple response, 
varied attack, trial and error), empha- 
size the change. But repetition as well 
as change occurs, and it is interesting te 
speculate on its relation to the efficiency 
of thinking. Here we meet a certain op- 
position between the two. Spence, in- 
deed, in a different context, cites this 
opposition as a logical flaw in Kre- 
chevsky’s concept of ‘hypotheses’ (17). 
Spence’s argument, slightly paraphrased, 
runs as follows: 


1. If a hypothesis is correct, it leads to 
a solution; that is, it is not re- 
peated. 

2. But we do not call it a hypothesis un- 
less it is repeated; that is, unless 

; it is wrong. 

3. But to repeat wrong behavior is stu- 
pid. 

4. Therefore, hypotheses are stupid. 


This argument is irrefutable if one 
grants the implicit assumption that hy- 
potheses are units of an all or nothing 


character. But if hypotheses are dy- 
namic patterns that may be partly 
wrong and partly right, Spence’s con- 
clusions do not follow. For a hypothe- 
sis is stupid only if one contrasts it with 
a perfect immediate solution. In com- 
parison with random behavior it may be 
brilliant. 

Spence’s dilemma might, however, be 
taken to indicate that with order as with 
material, a dynamic interpretation of 
thinking has little place for ‘repetitions’ 
as distinct events. For the dynamics of 
thought is most in evidence when it is 
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most efficient, and to the degree that 
it is efficient, thinking is free from error. 
If all the requisite data are presented 
simultaneously, a solution wholly deter- 
mined by the internal structure of the 
system should appear at once. If the 
data are presented successively, the 
process will require time, but need in- 
volve no different principles from those 
that explain the immediate flash of in- 
sight. To the associationist such a solu- 
tion is merely a special case of repro- 
ductive memory. Associationism thus 
accounts for thought by virtually deny- 
ing its occurrence except in conjunction 
with error. By the Gestalt psychologist 
errorless thinking is ascribed to ‘closure,’ 
‘the law of fittingness,’ or ‘determination 
by internal relations.’ In terms more 
directly borrowed from physics, a 
thought process is frequently described 
as a system under stress, and a solution 
as reduction of the tension. But if the 


physical analogy has more than sug- 
gestive significance, it represents a hope 


that both constant and repetitive fea- 
tures of problem-solving will eventually 
be formulated in ‘laws,’ from which can 
be derived not only the properties of 
static_systems, but also the directions, 
kinds, and rates of change that occur 
when the equilibrium is disturbed. 

Accordingly, I interpret Spence’s di- 
lemma to mean (in Gestalt terms) that 
error is the introduction of forces not 
congruent with those internal relations 
or tensions, which in the absence of such 
intruding factors would effect a solution. 
Such intrusions might be due to the 
large number of elements involved, to 
inadequate memorization of part as- 
pects, to erroreous ‘generalizations,’ to 
‘fixations,’ etc. Any repetitive trends 
occurring in successive trials (hypothe- 
ses) might then be a resultant of factors 
favoring a solution, and of factors work- 
ing against a solution. 

There remains, however, one aspect 
of thinking for which even a perfect 
immediate solution seems to demand 
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repetition. This is the process of gen- 
eralization. Since the abstract and gen- 
eral aspects of experience retain their 
most essential characteristics whether 
the stimuli are present or absent, they 
form a major link between thinking and 
perceptual problem-solving. Most of 
the experiments on generalization have 
been performed with the stimuli present, 
and it has often been tacitly assumed 
that stimuli provide the material for the 
generalizations. To my view, however, 
stimulus repetition only affects generali- 
zation indirectly through conditioning 
the perceptual field. The identities in 
question are parts of the behavioral en- 
vironment, not the stimulus. Normally 
the context is also variable, so that the 
identities have to be discovered (ab- 
stracted) before they can be generalized. 
When context variability is at a mini- 
mum, generalization is easy. No one 
has any difficulty in cognizing that the 
dots in the series are identical. 
The only aspect that must be ‘abstracted 
from’ is their relative position. What 
makes the process of abstractive gen- 
eralization difficult is variation in kind 
and amount of context, plus the fact 
that we are not usually concerned with 
finding any generalization, but with dis- 
covering the generalization that will 
solve the problem in hand, a process 
that involves the relevance of the gen- 
eralization to the total situation. The 
study of the forms and degrees of such 
variation in context upon the processes 
of abstraction and generalization is in- 
deed one of the most important aspects 
of the change-constancy problem in 
thinking. However, since most of the 
previous work has been done with the 
stimuli present, and since I have nothing 
to add to Humphrey’s careful analysis 
(10), I shall not further discuss the 
problem here. 

In review, we may summarize the 
main features of this discussion of think- 


ing: 
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(1) Memorizing aims at retention 
and reproduction of selected aspects of 
the psychological field, without the orig- 
inal stimuli. Thinking involves other 
varieties both of constancy and change, 
in that its end-result is to some degree 
novel, and that in many cases trial and 
error introduces repetition during the 
pre-solution period. 

(2) The change-constancy problem 
in abstraction and generalization has 
many features common to perception 
and thought. The major difficulty is 
not in noting an obvious identity and 
giving it a name, but in discovering 
novel and relevant identity-difference 
patterns in complex situations. This in 
turn depends upon the acquisition of an 
interrelated and hierarchal system of 
references with appropriate language 
signs. 

(3) Problems of thinking have been 
divided into those concerned with ma- 
terial and with order. Materials postu- 
lated have been images, relations, atti- 
tudes, and whole qualities. Images were 
originally conceived as reproductions of 
sensations. In thinking, however, sen- 
sory modality and quality chiefly func- 
tion as carriers of meaning, and need 
retain only enough of their perceptual 
properties to permit their discrimination 
from one another. Abstracted and gen- 
eralized aspects of experience, on the 
other hand, are not readily fitted into 
the image category, ahd when thought 
of as meanings and relations problems of 
material overlap with those of order, 
since in this case the relations are the 
materials, and at the same time order 
is itself a relation. 

(4) The Gestalt view of problem 
solving implies that thought is errorless 
to the extent that it is determined by 
an interdependent system of internal re- 
lations. The expectation is that laws 
governing the behavior of such systems 
can be formulated (like their physical 
analogies) to cover such repetitive fea- 
tures as constancy of rate of change in 
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a given direction. Errors would then 
be attributed to the intrusion of forces 
extraneous to the system, and repetitive 
trends such as ‘hypotheses’ would be re- 
sultants of the interaction of internal 
forces favoring a solution, and of ex- 
ternal intrusions. 
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THE HISTORY OF DREAM THEORY 


BY HAROLD GRIER McCURDY 
Meredith College 


The handling of the ancient history of 
dream theory in Freud’s /nterpretation 
of Dreams piques the reader’s curiosity. 
The references are sketchy, they are ap- 
parently from secondary sources, and 
they omit a number of important names. 
The aim of the present article is to sup- 
plement the historical section of Freud’s 
work by a more detailed examination 
into some of the ancient writers. Un- 
fortunately, Biichsenschiitz’s essay on 
which Freud relies for information about 
this period is unavailable to me. 


I 


Three essays by Aristotle in the Parva 
Naturalia are the chief contribution on 
dreaming preserved to us from classical 
antiquity... Taken together with a few 
remarks from Plato, and with due allow- 
ance for the partially obsolete physiol- 
ogy, they provide a theory which is de- 
cidedly modern in tone. 

The key concept for Aristotle is sleep. 
Sleep opens the way for dreaming by re- 
ducing the intensity of sense-activity. 
This torpor of the senses is an expres- 
sion of a change in the central organ of 
consciousness, the heart, which, because 
it has become deeply involved in the 
physiological processes of nutrition ac- 
counting for the state of sleep, no longer 
functions at maximum efficiency. The 
organs of sensation, being subsidiary to 
the heart, are likewise affected. There 
is thus an inverse relationship between 
nutrition and sensation. When nutritive 
activity dominates the organism to a 
very high degree, as in the sleep of early 


1‘De somno et vigilia,’ ‘De somniis,’ ‘De 
divinatione per somnum.’ In The works of 
Aristotle (W. D. Ross, Ed.; trans. by J. LI. 
Beare). Oxford: Oxford Univ. Press, 1931, 
Vol. 3. 


childhood, sensation drops to an approx- 
imate zero; it is for this reason that 
young children do not dream. Dream- 
ing is a low-level sensory activity; it 
cannot occur when the heart and sense 
organs are completely absorbed in nu- 
trition. But neither can it occur when 
the senses are fully active. Sleep is a 
prime requisite. 

But what is the nature of sensory 
activity during sleep? Aristotle ap- 
proaches this question after taking note 
of certain waking phenomena. He dem- 
onstrates by reference to after-images 
and sensory adaptation that the activity 
of the sense organs is normally pro- 
longed beyond the moment of actual 
perception; or, in other words, that stim- 
ulating objects set up processes in the 
sense organs that continue after the ob- 
jects are withdrawn. He demonstrates 
besides, by an example which sounds 
curiously magical but which may not be 
entirely so, that the sense organ may im- 
pose some of its own qualities on the 
object.2 The senses, then, carry on cer- 
tain activities which are not strictly de- 
pendent upon the external stimulating 
objects. These activities, or the images 
to which they give rise, may be mis- 
taken for real objects, especially when 
emotion is present. He supports this 
conclusion by several examples. He 
then touches on the important idea that 
judgment regarding perceptions or im- 
ages and the power of having them 
(phantasy) are separate functions. It 
follows logically that consciousness may 


2 Ibid., 459b. “The gaze of a menstruous 
woman tarnishes mirrors with a bloody mist.” 
Meant as a subjective effect, this phenomenon 
might pass as a psychological oddity, but Aris- 
totle is referring to a change in the actual 
mirror. 
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be full of images and deficient in judg- 
ment, emotion enriching it in the first 
way and impoverishing it in the second. 
This is precisely Aristotle’s conclusion. 
In sleep judgment is inhibited, the emo- 
tions have full sway, and the subliminal 
sensory activities, which are not noticed 
during the day because of the powerful 
trends of genuine perception, take on 
the character of reality. The images 
stream along in the moving blood, pop- 
ping to the surface as the suppressing 
forces relax here and there, and pass for 
real so long as there is no awareness of 
being asleep. The images may continue 
to appear even after one has become 
aware of being asleep; but they are not 
then judged as real. The dream is an 
illusion. When it passes over into the 
perception of real external objects, as 
when one is affected by the light from 
a lamp and judges it as such and opens 
his eyes to find the lamp really there, 
it has ceased to be a dream. 

Aristotle gives small credence to 
divinely inspired prophetic dreams. 
Dreams may be joined to the future, 
however, in three ways: as token, as 
cause, and as coincidence. The small 
sensory impressions which enter into 
dreams may betoken bodily changes, 
such as precede an illness; the images 
of the dream may be the starting-point, 
and hence the cause, of waking thoughts 
that issue in action; and finally, among 
the great variety of images which invade 
the dreaming mind, especially in the 
case of flighty persons, some are bound 
to coincide by chance with subsequent 
realities. 

Plato is more favorably inclined to- 
ward dream divination than his dry- 
minded pupil. In the Timaeus it is ana- 
tomically provided for. But it is mainly 
in his discussion of the relation between 
dreaming and desire that he catches the 
attention of the modern reader. It is 
true that Aristotle speaks of dreams as 
conforming to the emotions of the 
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dreamer; but he does it so incidentally, 
he is so much more concerned with the 
sensory and intellectual aspects, that the 
remark loses its effect. Not so with 
Plato. Just at the crisis of the discus- 
sion about the character of the tyrant, 
in the opening of the ninth book of the 
Republic, in a dramatically tense digres- 
sion, Socrates is made to say that dreams 
reveal the violent and lawless desires 
which exist in every man. If this were 
all, it might be passed by as a mere ap- 
percu. But the point is dwelt on very 
intently, very seriously, as offering a 
much needed ingress into the depths of 
human personality; and it is developed, 
though briefly, into a full theory of the 
dream. The omission of any reference 
to this theory in Freud’s book is aston- 
ishing. Plato’s theory is that when the 
rulership of reason is suspended during 
sleep, the other two elements of the 
soul, desire and the spirit of anger, re- 
veal themselves in unmitigated vicious- 
ness. The soul, in this state, is ready to 
attempt incest, murder, and sacrilege. 
Even the most decent men express these 
criminal tendencies in their dreams. 
There are, however, morally superior 
dreams. These occur when the two 
lower elements of the soul have been 
lulled to rest by moderate satisfactions 
and reason has been stimulated to 
heightened activity. It is clear that 
Plato regards the dream as an expression 
of the dynamics of the total personality. 

When we turn to the De Rerum Na- 
tura of the Epicurean atomist, Lucre- 
tius, we encounter a much less psycho- 
logical theory.* Here the images are 
said to originate not in any operation of 
the mind but in the external world it- 
self. The atomic combinations, whether 
shed from the surface of solid objects or 
generated spontaneously in mid-air, 
crowd continuously and fortuitously into 

8 Cf. Of the nature of things, a metrical 
translation by W. E. Leonard, London: Ev- 
eryman’s Library, 1921, pp. 162-174. 
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the mind of the sleeper. The illusion of 
movement in the dream is produced by 
a rapid succession of these static im- 
ages: a cinematic effect. It is perfectly 
in keeping with Lucretius’ theory that 
absurdities such as centaurs should crop 
up in the process; by chance-collisions 
various atomic patterns may fuse to- 
gether into one’ strange form even be- 
fore they appear to the dreamer. It is 
a much more serious problem how it 
happens that the dream-image so often 
conforms to the character of the dreamer 
and takes its place in a logical, or at 
least dramatically coherent, sequence. 
In a famous passage he adduces many 
examples of this fact. But he is not able 
to deal successfully, even in his own 
opinion, with the problem he raises. He 
considers the possibility that the will in 
some mysterious way commands the de- 
sired images, to come in a moment’s 
space from wherever they may happen 
to be; and then turns dissatisfied from 
this answer to the one that every kind 


of image is present already wherever the 
dreamer may happen to be and enters 
consciousness when it is attended to, 
while those images which are not at- 
tended to drop into the unconscious 


background. Neither answer pleases 
him, and he dismisses the whole ques- 
tion as unnecessarily subtle. Indeed, he 
immediately warns the reader against 
looking for purpose anywhere in nature. 
All is chance. The human will, whose 
intrusion into the discussion seemed to 
ruffle his atomistic patience, is after all 
only a mechanical event following on 
the chance incursion of an atomic pat- 
tern into the temporary atomic organi- 
zation which Lucretius calls the mind. 
Regardless of the philosophical ade- 
quacy of his position, Lucretius does an 
important service in presenting a vivid 
account of the theory that the elabora- 
tion of the dream takes place largely in 
the objective world outside the dream- 
er’s consciousness—a view that harmon- 
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izes as well with the popular demon the- 
ory of his own times and later as it does 
with the atomic theory of Democritus. 


II 


Plato and Aristotle are the ancient 
precursors of Freud within the classic 
tradition. But neither occupies himself 
to any degree with the work of specific 
dream interpretation. That was an in- 
terest which demanded the practical 
turn of mind of a soothsayer or a physi- 
cian. Such a man was Artemidorus of 
Daldis, a physician of the time of An- 
toninus Pius, whose Oneirocritica has 
served as a manual of dream interpreta- 
tion and as a progenitor of popular 
dream books for centuries.* In the dedi- 
catory epistle of the edition here used, 
published at Lyons in 1546, the Latin 
translator, Janus Cornarius, physician, 
apologizing for bringing out such a work 
in ‘hoc turbulentissimo seculo,’ notes 
that even in his own day Artemidorus 
was regarded with scant respect by the 
philosophers. Cornarius feels impelled 
to support his case by citing Hippocra- 
tes, Galen, and the Bible on the impor- 
tance of dreams. 

Artemidorus distinguishes first of all 
between two classes of dreams: the som- 
nium which forecasts the future, and the 
insomnium which refers to contemporary 
matters. The insomnium is affected by 
states of body, or of mind, or both. 
“The lover occupies himself with his 
sweetheart, the fearful man sees what 
he fears, the hungry man eats, the 


4“Artemidorus’ work was printed in Greek 
at Venice in 1518, in Latin at Basel in 1539 
and 1544, at Lyons in 1546, in Italian at Ven- 
ice in 1542, 1547 and 1548. The twentieth - 
edition in English translation was reached in 
1722 and the twenty-fourth in 1740.” Harry 
B. Weiss, Oneirocritica americana, New York 
Public Library, New York, 1944, p. 6. 

5 Artemidori Daldiani philosophi excellentis- 
simi de Somniorum Interpretatione Libri Quin- 
que/A Iano Cornario Medico Physico Franko- 
fordiensi Latina lingua conscripti/Lugduni 
apud Seb. Gryphium, 1546. 
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thirsty one drinks.” * As for the som- 
nium, it is sometimes a clear representa- 
tion of coming events, sometimes sym- 
bolical. The general definition of som- 
nium is “a movement or notion of the 
multiform soul, signifying good or evil 
in the future.”* Every dream of im- 
portant and serious men must be re- 
garded as a somnium, because their souls 
are not disturbed by the hopes and fears 
and appetites which produce insomnia. 
Others, common people and dream in- 
terpreters alike, are subject to insomnia. 
The dreams of interpreters, however, 
tend to be obscured by their knowledge 
of symbolism. “The ordinary person 
sees in his sleep just: what he desires or 
fears. But those who are skilled in in- 
terpretation discern their wishes through 
the veil of symbols. If indeed anyone 
who is uninformed in these matters has 
symbolical dreams they must be taken 
as somnia, not insomnia. For example: 
In the case of one who can understand 
symbols, either because he has chanced 
to read books on dream interpretation, 
or because he has dealt with dream in- 
terpreters, or because he has a talent in 
that direction, if it happens that he is 
in love with some woman, he will not 
see the object of his passion, but instead 
a horse, or a mirror, or a ship, or the 
sea, or a female animal, or a woman’s 
garment, or some other thing which may 
represent a woman symbolically.” * One 
may conclude that Artemidorus judges 
symbolical dreaming to be beyond the 
layman’s normal range and to signify, 
therefore, in his case, the irruption of 
prophetic powers. 

In general it is highly important to 
note whether the dream corresponds 
with the dreamer’s ordinary ways. 
Whether it is prophetic of good things 
or bad, or whether it is prophetic at all, 
depends on the harmony or lack of it 


6 Op. cit., Lib. I, Cap. I. 
7 Ibid., Lib. I, Cap. II. 
8 Jbid., Lib. ITTi, Cap. I. 
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between the dream and the dreamer’s 
daily life. There are six critical points 
to be considered: natura, lex, consue- 
tudo, tempus, ars, nomen. That is to 
say, the interpreter wants to know 
whether the dream events are natural, 
lawful, and customary for the dreamer, 
what the circumstances were at the time, 
and what the dreamer’s occupation and 
name are. Artemidorus’ handling of 
some of these points, along with some 
very characteristic etymologizing, may 
be seen in the chapter entitled ‘On 
Dreaming of MHaving One’s Head 
Shaved,’ which I translate here as an 
example of the method. 


“To dream of having one’s whole head 
shaved, except in the case of priests of the 
Egyptian gods, and those who study how 
to raise a laugh, and those whose custom 
it is to shave, for whom it is good, is in 
general a bad dream, because it signifies the 
same thing that nudity does, and indeed 
foretells sudden and dire misfortunes. To 
sailors it clearly portends shipwreck, and 
to the sick a most critical collapse, but not 
death. For the shipwrecked and men pre- 
served from a serious illness are shaved; 
the dead, not at all. As to the aforemen- 
tioned, it is a good dream because of their 
custom of shaving. To have one’s hair cut 
by a barber, however, presages good to 
everyone equally. For the Greek word for 
barbering, «xeipews, is, I should say, from 
the word xapirva:, which by the change of 
a single letter becomes xapfva. and takes 
on the meaning of joy or welcome; and 
surely nobody overtaken by any sort of 
misfortune or calamity has his hair cut, 
but only those who give much attention to 
their appearance and are free from sorrow 
and are not poor. But by a barber, be it 
noted, since if anyone dreams of cutting 
his own hair it means some sudden grief 
or calamity charged with great evils. For 
those who are preoccupied with such things 
have to do their own barbering. In addi- 
tion, to have one’s scalp scratched signifies 
cancellation of interest in the case of a 
debtor, but for others it means a loss 
through those by whom they have been 
scratched, if indeed they have dreamed of 
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having their scalp scratched by others. 
For we say that a man has been ‘scalped’ 
if he has suffered a loss and been deceived 
by another person.” ® 


It will be seen from these notes that 
Artemidorus appreciates the influence of 
desire in the formation of dreams, and 
that he is unwilling to apply his system 
of symbols without going into the cir- 
cumstances of the dreamer’s life. He 
particularly cautions the reader against 
the time-honored method of interpreting 
the dream by contraries. The sample 
dreams given in his Fifth Book have a 
very authentic appearance. His inter- 
pretations, however, waver curiously 
between farfetched prophesying and 
shrewd judgments of character. I trans- 
late two for the sake of example. 


“An athlete dreamed that he became 
pregnant and gave birth to two black fe- 
male children: he became blind, and his 
blinded pupils (pupillae prolapsae) became 
black.” 1° 

“A woman dreamed that her lover gave 
her the head of a pig. She conceived an 
aversion for her lover, and gave him up. 
For a pig is odious to Venus.” ** 


Ill 


A pagan author like Aristotle is free 
to deny the prophetic nature of dreams 
at his pleasure. Christian authors, faced 
by the numerous examples of prophetic 
dreams in the Bible, are in a different 
position. They are bound to admit that 
such dreams are possible. They are al- 
most equally bound to develop a theory 
of dreaming which separates dream 
prophecy from rational prediction, since 
God, not the dreamer, is the author of 
prophetic dreams. On the other hand, 
the silliness and wickedness of many 
dreams will prevent the attribution of 
all without exception to the Divine 
Power. The exigencies of the Christian 


* Ibid., Lib. I, Cap. XXTIT. 
10 [bid., Lib. V, Cap. XLITII. 
11 Ibid, Lib. V, Cap. LXXX. 
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view require something different from 
Aristotelianism, or popular oneiromancy. 

According to the authoritative Ter- 
tullian, writing about 203 a.p.,’* sleep 
is a kind of death during which the al- 
ways active soul is temporarily absent 
from its body. Dreaming is simply the 
activity of the soul deprived of its in- 
strument. 


“When, therefore, rest accrues to human 
bodies, it being their own especial comfort, 
the soul, disdaining a repose which is not 
natural to it, never rests; and since it re- 
ceives no help from the limbs of the body, 
it uses its own. Imagine a gladiator with- 
out his instruments or arms, and a chari- 
oteer without his team, but still gesticulat- 
ing the entire course and exertion of their 
respective employments: there is the fight, 
there is the struggle; but the effort is a 
vain one. Nevertheless the whole pro- 
cedure seems to be gone through, although 
it evidently has not been effected. There 
is the act, but not the effect. This power 
we call ecstasy, in which the sensuous soul 
stands out of itself, in a way which even 
resembles madness. Thus in the very be- 
ginning sleep was inaugurated by ecstasy: 
‘And God sent an ecstasy upon Adam, and 
he slept.’ [Gen. ii, 21.] The sleep came 
on his body to cause it to rest, but the 
ecstasy fell on his soul to remove rest: 
from that very circumstance it still hap- 
pens ordinarily (and from the order results 
the nature of the case) that sleep is com- 
bined with ecstasy. In fact, with what 
real feeling, and anxiety, and suffering do 
we experience joy, and sorrow, and alarm 
in our dreams!” 3° 


One might gather from the preceding 
that Tertullian thinks of the dream as 


something produced by the soul. But it 
appears that that is erroneous. The soul 
is a passive spectator, or at the most a 
reacting spectator; dream experience 
corresponds to realities over which the 
soul has no power. It is not the soul 


12‘A treatise on the soul.’ In The ante- 
Nicene fathers (Trans. by Peter Holmes), New 
York: Scribners, 1918, Vol. III. 

18 Jbid., Ch. XLV, p. 223. 
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which produces the substance of the 
dream, but God or nature or (most com- 
monly of all) the demons.** This the- 
ory has some kinship with the Demo- 
critean view exemplified in Lucretius. 

Tertullian, however, is not consistent. 
He does not manage to believe without 
question that the soul is powerless to 
produce anything, even imaginations, 
and is thus always a pure mirror of con- 
sciousness held up to a world of realities 
independent of itself. But he tries hard, 
as if determined not to fall into the gulf 
of solipsism which opens beneath all 
those theories that assign a creative 
power of its own to the soul, whether 
that be the commonly assumed power 
of imagination, or the more exotic one 
by which projection of new realities into 
the external world is supposed to take 
place.?® 

A subtler and more systematic author 
of Christian persuasion is Gregory of 
Nyssa. Several passages in his treatise 
On the Making of Man (380 a.v.) ** are 
devoted to our subject. In general, he 
treats the dream naturalisticallv, follow- 
ing Plato, Aristotle, and the physicians. 
But he distinguishes himself from them 
by his typically Christian insistence on 
the simplicity, unity, and independence 
of the soul, which for him is something 
different not only from the body but 
also from its own faculties of nutrition, 
sensation and reason. Also, he makes a 
place for prophetic dreams inspired by 
God; not, however, as Tertullian does, 
but by asserting that such dreams are 
miraculous occurrences, or rather that 
they are not dreams in the ordinary 
sense at all. “But if Daniel and Joseph 
and others like them were instructed by 
Divine power, without any confusion of 


14 Jbid., Ch. XLVII. 

15 Cf. Richard Wilhelm and C. G. Jung, Das 
Geheimnis der goldenen Bliite, Munich: Dorn- 
verlag Grete Ullman, 1929. 

16In A select library of Nicene and post- 
Nicene fathers of the Christian church. New 
York: Scribners, 1917, Second series, Vol. V. 
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perception, in the knowledge of things 
to come, this is nothing to the present 
statement; for no one would ascribe this 
to the power of dreams, since he will be 
constrained as a consequence to suppose 
that those Divine appearances also which 
took place in wakefulness were not a mi- 
raculous vision but a result of nature 
brought about spontaneously. As then, 
while all men are guided by their own 
minds, there are some few who are 
deemed worthy of evident Divine com- 
munication; so, while the imagination 
of sleep naturally occurs in a like and 
equivalent manner for all, some, not all, 
share by means of their dreams in some 
more Divine manifestation.” ** 

Except for these occasional miracu- 
lous communications from the Divine, 
dreams are considered by Gregory as 
belonging to the order of nature and 
subject to psychological explanation. 
Sleep, he says, is a condition in which 
the sensory faculty of the soul is at rest; 
and along with that, the intellect also; 
for the intellect, or mind, or rational fac- 
ulty, is conjoined with the senses. The 
absurdity of dreams is evidence, indeed, 
that reason has nothing to do with them. 
Dreaming, then, must be assigned to the 
third main faculty of the soul, the nutri- 
tive, which alone remains active during 
sleep. It is not a function of the nutri- 
tive faculty, of course, to produce im- 
ages: these have fallen into it by chance, 
as it were, from the waking operations 
of the higher faculties. The soul is 
however not completely transformed 
by sleep. There is simply a reversal 
of the waking hierarchy of faculties, so 
that the two higher faculties are domi- 
nated by the nutritive. 

So much for Gregory’s theory of the 
dream in general. When he comes to 
deal with dream content, he has a num- 
ber of penetrating observations to make, 
some of them original with himself. The 


17 Op. cit., Ch. XIII, 12, pp. 4008. 
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dream content, he says, has reference 
either to memories of daily occupations, 
or to the state of the body at the time. 
He repeats what many others have said, 
that “the thirsty man seems to be among 
springs, the man who is in need of food 
to be at a feast, and the young man in 
the heat of youthful vigor is beset by 
fancies corresponding to his passion.” ** 
But he adds to all this a personal ob- 
servation that catches sight of the con- 
nection, in a concrete instance, between 
bodily condition and dream imagery. 
He writes: “I also knew another cause 
of the fancies of sleep, when attending 
one of my relations attacked by frenzy; 
who being annoyed by food being given 
him in too great quantity for his 
strength, kept crying out and finding 
fault with those who were about him 
for filling intestines with dung and put- 
ting them upon him: and when his body 
was rapidly tending to perspire - he 
blamed those who were with him for 


having water ready to wet him with 
as he lay: and he did not cease calling 
out till the result showed the meaning 
of these complaints: for all at once a 
copious sweat broke out over his body, 
and a relaxation of the bowels explained 


the weight in the intestines. The same 
condition then which, while his sober 
judgment was dulled by disease, his na- 
ture underwent, being sympathetically 
affected by the condition of the body— 
not being without perception of what 
was amiss, but being unable clearly to 
express its pain, by reason of the dis- 
traction resulting from the disease—this, 
probably, if the intelligent principle of 
the soul were lulled to rest, not from 
infirmity but by natural sleep, might ap- 
pear as a dream to one similarly situ- 
ated, the breaking out of perspiration 
being expressed by water, and the pain 
occasioned by the food, by the weight of 
the intestines.” ** Gregory relates this 


18 Ibid., Ch. XIII, 14, p. 402. 
19 Jbid., Ch. XIII, 15, p. 402. 
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striking observation to the general view 
of the physicians who say that their pa- 
tients reveal the nature of their com- 
plaints in their dreams, making possible 
the differentiation of stomach ailments 
from cerebral, etc. Besides, dreams re- 
veal the dreamer’s general character, 
distinguishing between the brave and the 
cowardly, the lascivious and the conti- 
nent, the liberal and the avaricious. 
Finally, a word must be said about 
Gregory’s view of the passions, since 
they, in his opinion, contribute to the 
formation of dreams. The fountainhead 
of all the human passions, he says, is 
sexual reproduction. He seems to mean 
by this two things: first, that sexual de- 
sire is the fundamental passion; and 
second, that through this manner of re- 
production man is held down to the level 
of brute life and shares in its nature. 
“For those qualities with which brute 
life was armed for self-preservation, 
when transferred to human life, become 
passions; for the carnivorous animals 
are preserved by their anger, and those 
which breed largely by their love of 
pleasure.” *° But the animal tendencies 
are multiplied and intensified in man by 
the action of reason itself, which is cor- 
rupt through sin. “Thus our love of 
pleasure took its beginning from our be- 
ing made like the irrational creation, and 
was increased by the transgressions of 
men, becoming the parent of so many 
varieties of sins arising from pleasure as 
we cannot find among the irrational ani- 
mals. Thus the rising of anger in us is 
indeed akin to the impulse of the brutes; 
but it grows by the alliance of thought: 
for thence come malignity, envy, deceit, 
conspiracy, hypocrisy.”** The reader 
will sense in these words a foreshadow- 
ing of more than one modern author. 
The last ancient writer on dreams to 
be considered here is Synesius of Cy- 
rene, once a pupil of the famous Neo- 


20 Jbid., Ch. XVIII, 2, p. 408. 
21 Ibid., Ch. XVIII, 4, p. 408. 
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Platonist Hypatia, and later the some- 
what unorthodox Bishop of Ptolemais, 
who wrote his De Insomniis Liber in the 
latter part of the fourth century.** The 
work was edited and translated from the 
original Greek into Latin by Dionysius 
Petavius early in the seventeenth cen- 
tury. Before that, in the fourteenth 
century, it had received a lengthy com- 
mentary by the Byzantine historian Ni- 
cephorus Gregoras.”* Apparently it may 
be considered a work of some influence 
for a period of several hundred years. 
Synesius believes in divination gen- 
erally: the world is everywhere con- 
nected, and happenings in one part may 
set up sympathetic vibrations in another 
part. Dreams are especially to be rec- 
ommended because they are available to 
all men, and because, unlike other means 
of divination, they are private and can- 
not be laid under a legal ban. They are 
obscure, but no more so than oracles. 
The full understanding of dreams re- 
quires an excursion into psychology. 
The mind contains the forms of existing 
things; the soul, the forms of things 
which are coming into being. The con- 
tents of the soul are known to us 
through the mirror of phantasy, and 
only thus. Phantasy is soul’s first 
body; it is the common center of all 
the senses, and from the center rules 
over them as its instruments. It is a 
far purer sense than/any which rely on 
bodily organs, as, for instance, the eye, 
whose accuracy is hindered in several 
ways. Phantasy is not limited to man; 
it is found widespread in nature, in ir- 
rational animals and in demons.** In 
22 Synesii De insomniis liber. In Patrologiae 


cursus completus. . Series graeca. 
Tom. 66. 1864. Cols. 1281-1320. 


28 Nicephori Gregorae Explicatio in librum 
Synesii de insomniis. In Patrologiae cursus 
completus. Migne. Series graeca. Tom. 149. 
1865. Cols. 520-642. 

241 translate here a part of Gregoras’ note. 
“All the classes of demons, he says, which in- 
habit this world, have been allotted that sort 
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man, though it may work alone, it is 
more usually found operating in con- 
junction with mind. To transcend phan- 
tasy completely is a difficult and blessed 
achievement. In ordinary life one lives 
under its dominion and through it suf- 
fers punishment. Some are rising, some 
descending in the scale of intelligent 
knowledge, those being in the worst state 
who do not recognize the evil of their 
present lives and do not desire to escape 
from it. The will to escape from evil is 
the most essential step in the whole proc- 
ess of purification. The soul’s position 
in the scale is revealed by the nature of 
its phantasy. It is the punishment of 
evil men that their phantasy is evil;- the 
reward of the good that theirs is good. 

As already noted, Synesius regards 
phantasy as the means by which the soul 
represents to consciousness its knowl- 
edge of things to come. The role of 
phantasy is further clarified in a pas- 
sage where he discusses his whole theory 
of knowledge. I translate: “For this is 
the way the matter stands: whatever 
things there are in nature, of all that is 
or has been or shall be, according to the 
plan of existence, images flow off and 
leap forward from their substance. For 


of life which has the power of sensation. For, 
in a word, those classes of demons are simply 
imaginations. . . . Images, he says, though they 
are destitute of body, nevertheless have a kind 
of density, some more, some less. Here Syne- 
sius appears to be following the opinion of 
Democritus and Sextus and other Greeks. For 
they assert that there are certain demons 
round about the earth and the air, having in- 
deed density and coherence, invisible to human 
eyes (if in normal health), which they call 
spectres, because, I think, they retain and con- 
serve a kind of form and empty appearance 
and likeness of angelic and immaterial nature, 
from which they have fallen, and difficult to 
destroy, though not perpetually immortal, 
many of which are harmful and malignant, 
though some are beneficent. These, they say, 
drav’ near to men, and attach themselves to 
them, and especially to those who are asleep, 
and prophesy to them many things which are 
to come to pass.” Op. cit., Col. 567. 





Tue History or DREAM THEORY 


just as each of those things perceived by 
sense is form combined with matter, so 
also is the flux of matter comprehended 
by us as patterned; reason itself con- 
vinces us that images are by nature de- 
rivative, since in every case those things 
which have a beginning must degenerate 
from the dignity of that which is. To 
all these flowing images the spirit of 
phantasy is the most perfect mirror. 
For when, fallen from their previous 
state and blindly wandering, they, be- 
cause of the instability of their nature 
and because they are known by nothing, 
enter into living spirits, which are in 
general images but with a fixed and set- 
tled position in nature, they cling to 
them and come to rest in them as in a 
secure dwelling-place. From _ things 


past, clear images are sent out, until 
little by little in the course of time they 
fade away; but from things present, in- 
asmuch as they still abide, the images 
are clearer and more vital; while, finally, 
those coming from things future are 


relatively uncertain and indistinct. For 
there are antecedent unfoldings of things 
not yet present, germs of the imperfect 
nature leaping out as it were, and hints 
of the hidden seeds breaking forth.” *° 
For Synesius, then, there exist theo- 
retical reasons for developing a science 
of divination. But though he wishes to 
establish such a science, a science of im- 
ages which would enable him to predict 
from his dreams what was about to take 
place in reality, as a pilot may recog- 
nize the port he is nearing by the rocks 
which stand at its entrance, he pours 
scorn on the numberless books in his 
time which set forth general laws of re- 
lationship between dream image and fu- 
ture event, because, he argues, every 


25 Op. cit., Col. 1310 f. 
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person’s phantasy has its own personal 
nature, and a variable one at that. He 
says of those who have attempted to 
develop a system of standard relation- 
ships that he is convinced that they have 
never reflected philosophically on the 
nature of spirit at all. Nevertheless, it 
may still be possible to discover the 
laws governing one’s own phantasy, in- 
sofar as it is constant, by keeping a 
careful record of one’s dreams and the 
events which follow. This he himself 
has undertaken to do. But he adds that 
it is tedious work, trying to express ac- 
curately in words the wild illogicality of 
dreams. 
IV 


The hope that originally inspired this 
essay, that a search through ancient and 
medieval writings, particularly medieval, 
might turn up some valuable new in- 
sights into the nature of the dream, has 
been largely disappointed. A fairly pa- 
tient consultation of the volumes in the 
Migne collection yielded little of a spec- 
ulative nature beyond the works by Sy- 
nesius and Nicephoras Gregoras. There 
is, however, this one interesting general 
conclusion to be drawn, historically: 
that modern dream theory, as repre- 
sented particularly in Freud, is in most 
respects closer to Aristotle and Plato 
than it is to the later writers examined 
here. Especially remote from modern 
speculations is the atomism of Lucretius 
(and the collateral demonism of Tertul- 
lian). One might find occasion for 
surprise in this fact, in view of the in- 
creasing dominance of science by the 
atomism of modern physics. Just about 
equally remote, however, is the stand- 
point of a writer like Synesius with his 
Neo-Platonic emphasis on the creativity 
of the soul. 











AGE AS A FACTOR IN THE RECALL OF 
INTERRUPTED TASKS 


BY R. NEVITT SANFORD 
University of California 


An experiment that was worth doing 
is usually worth repeating. This truism 
was brought home to the writer by read- 
ing in the PsycHotocicaL REVIEW 
Prentice’s recent critical paper on the 
influence of task-interruption upon later 
behavior. Prentice (2) mentions nu- 
merous confusions and contradictions 
that have arisen since Zeigarnik’s orig- 
inal contribution, and suggests that the- 
oretical treatments have failed to keep 
pace with the experimental evidence. 
While granting that in certain areas this 
has been the case, one may suggest that 
in other areas theory has run ahead of 
the facts. Thus, certain crucial features 
of contemporary theory concerning in- 
terruption, as summarized by Prentice, 
seem still to rest entirely upon a pioneer 
experiment performed by Rosenzweig in 
_ 1933, while a repetition of this experi- 
ment has yielded different results having 
different theoretical implications. Over- 
generalization from Rosenzweig’s results 
seems to have pyramided with the pas- 
sage of time, and effort spent in trying 
to reconcile them with expanding theory 
might have been saved by a check upon 
their general validity. 

The findings in question refer to the 
relation between age (both C.A. and 
M.A.) and the tendency differentially to 
recall completed and interrupted tasks. 
Rosenzweig’s subjects were 40 crippled 
children ranging in age from 5 years and 
6 months to 14 years and 8 months. 
They worked with a series of jig-saw 
puzzles on half of which they were failed 
(interruption) and on half of which they 
were allowed to succeed (completion). 
Rosenzweig reports that “the group who 
recalled successes better than failures 


was differentiated from the group who 
recalled failures better than successes by 
a more advanced mental age. . .” (3, p. 
480). The writer, repeating Rosen- 
zweig’s procedure with 49 normal chil- 
dren, found that “the tendency to re- 
member failures better than successes 
increases with chronological age during 
the years 7-15 and with mental age in 
the range of 10 years to 21 years” (5). 
Rosenzweig, evaluating his above result 
in relation to other findings, interpreted 
them “as indicating that repression is a 
mechanism of defense resorted to rela- 
tively late in the development of the 
child” (3, p. 481). The present writer, 
on the other hand, concluded that the 
tendency to recall failures better than 
successes is an expression of the age- 
linked factor of ego strength—and that 
forgetting failures is preéminently a 
childish mode of defense. 

Before attempting to rationalize these 
findings and conclusions it is necessary 
to examine in detail the results of these 
two studies themselves. We must con- 
sider not only C.A. and M.A. but also 
the age-linked factors of pride, self- 
criticism, perseveration, and the tend- 
ency to resume the interrupted tasks. 

The writer’s procedure followed that 
of Rosenzweig and Mason (4) very 
closely. He used the same puzzles, the 
same order of successes and failures, and 
the same procedure for obtaining recall. 
However, there were certain differences 


1 These results were published only in sum- 
mary form and in a manner highly incidental 
to other material, so Prentice can certainly be 
excused for overlooking them. The complete 
data are presented now for the first time. 
Their relevance to an important and complex 
problem seems more apparent than before. 
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in the experimental conditions which 
may be of some significance. Whereas 
Rosenzweig’s subjects were crippled chil- 
dren living in an institution, the writer’s 
subjects were normal, healthy children 
in a private school—a better group, it 
would seem, upon which to base gen- 
eralizations about the effects of task- 
interruption in children. In order to 
insure high motivation Rosenzweig of- 
fered a prize to the subjects obtaining 
the best score, while the present writer 
merely instructed his subjects, “see how 
well you can do.” These private school 
children lived in an atmosphere where 
intellectual achievement was highly val- 
ued; they were highly ambitious as a 
group and they took pride in their in- 
tellectual accomplishments. Suspecting 
that failure on the puzzles would go 
hard with them, the writer allowed one 
more of the successes than failures, 
whereas Rosenzweig had allowed the 
same number of successes and failures. 

The puzzles were presented to 49 chil- 
dren in 1936 (Puzzles I); a different set 
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of puzzles was presented to 26 of these 
same subjects 24% years later (Puzzles 
II). 

1. Chronological age. In Fig. 1, the 
per cents of subjects who recalled fail- 
ures better than successes, in Puzzles I 
and in Puzzles II, have been plotted 
against C.A. Rosenzweig and Mason’s 
graph of this same function is also in- 
cluded. The results from both Puzzles I 
and Puzzles II seem clearly to show that 
with increasing C.A. subjects recall more 
failures. Rosenzweig and Mason found 
in their results no clear indication of 
such a tendency. From an inspection of 
Fig. 1, however, we are led to question 
the reliability of the final point on their 
curve (13-14) and to say that with this 
exception their findings concerning C.A. 
resemble the present ones. 

2. Mental age. The relation of M.A. 
to preference for failures in recalling 
puzzles (Puzzles I, Puzzles II, Rosen- 
zweig and Mason’s data) is shown in 
Fig. 2. Both Puzzles I and Puzzles II 
seem to show that preference for failures 
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in recall increases with M.A. The re- 
sults from Rosenzweig and Mason show 
no clear relationship between M.A. and 
memory of failures. One is at a loss to 
explain why their curve takes the shape 
it does. 

3. Self-criticism. To arrive at an es- 
timate of the subject’s attitude toward 
his own performance his answer to the 
question, “Do you think you did well?” 
was considered together with his re- 
marks and gestures while working on 
the tasks. Most subjects gave some 
easily recognizable response each time 
they failed on a task and these were 
recorded by the experimenter. These 
data were used to check, and sometimes 
to interpret, the answer to the question 
of how well he thought he had done. In 
this way it was possible with consider- 
able assurance to place each subject in 
one of three groups: those who were 
highly self-critical, those whose self- 
criticism was moderate or indeterminate 
and those who showed little or no self- 


criticism. The average recall difference 
(R.D.) score? of the subjects belonging 
to each of these groups, when each of the 
several test situations is taken singly, is 
shown in table I. In both tests the more 














TABLE | 
Self-Criticism Rating 
High 3 Moderate 3} Low3 
Puzzles N (17) (11) (3) 
I R.D. — .03 .24 46 
Puzzles N (7) (12) (7) 
II R.D. .06 19 24 














self-critical subjects obtain lower R.D. 
scores on the average. That is to say, 
they recall more failures than do the less 
self-critical subjects. 

As we should expect from the work of 
Binet and Terman (6) self-criticism 
seems to be positively related to C.A— 


successes recalled _ failures recalled 
successes given failures given 
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r= 43 (Puzzles I) and .25 (Puzzles 
II)—and to M.A.—r = .33 (Puzzles I) 
and .36 (Puzzles II). These results 
seem to offer some explanation of the 
findings concerning memory of failures 
in relation to C.A. and M.A.  Self- 
criticism, which is associated with the 
better recall of failures, increases with 
C.A. and M.A: and so does the tend- 
ency to recall more failures. 

Rosenzweig and Mason found a posi- 
tive relationship between C.A. and self- 
critical answers to the question, “Do 
you think you did well?” but there 
seemed to be no relation between the 
latter factor and memory of failures. 
This latter finding does not necessarily 
contradict the present ones for, as a 
glance at Fig. 2 will show, we are here 
dealing with higher mental ages. Prob- 
ably, in view of its correlation with men- 
tal age, we are also dealing with higher 
levels of self-criticism. 

4. Perseveration on unfinished puz- 
zles. Some of our subjects insisted on 
working on the puzzles after time was 
called, despite the instruction “when 
time is called, stop working and put the 
pieces in the box.” Sometimes they 
asked if they might “just see how it 
was going to turn out” or “see if they 
could finish it,” and sometimes they 
seemed unable to resist trying to fit in 
one or two more pieces even after being 
told “we had better go on to the next.” 
On the basis of the behavioral data it 
was possible to group the subjects ac- 
cording to whether they showed much, 
little, or no perseveration. The average 
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R.D. scores of subjects belonging to 
each of these groups are given in table 
II. It appears that in both the Puzzles 
I and the Puzzles II tests there is an 
association between the tendency to per- 
severate on unfinished puzzles and the 
tendency to remember failures better 
than successes. 

Perseveration on unfinished puzzles 
seems to be positively associated with 
CA—r=.15 (Puzzles I) and .36 
(Puzzles II); with MA—r=.25 
(Puzzles I) and .39 (Puzzles IT). 

We may now consider the implica- 
tions of the results just reported for 
the general theory of task interruption. 
Our results bear most directly upon 
those parts of the theory which have to 
do with maturity and the type of per- 
sonality organization that goes with it. 
Prentice, in his summary of Rosen- 
zweig’s work, says that “the mature and 
the proud tend to ‘repress’ the memory 
of their failures, as a result, presumably, 
of a strong need for success or for so- 
cial status.” Just on a common sense 
basis, this statement does not seem 
right. Reacting to one’s failures by for- 
getting all about them does not seem 
to be a very mature response, any more 
than does letting a drive for social status 
get one into such a state that he has no 
recourse but to distort reality. 

And why, one might ask, if ‘repres- 
sion’ of failures goes with a higher men- 
tal age do not adults overwhelmingly 
prefer successes in recall in this situa- 
tion? Repetitions of Rosenzweig’s ex- 
periment with adults have never shown 
a truly significant majority preferring 
success in recall. The argument for the 
greater maturity of repressers rests not 
alone upon Rosenzweig’s statement con- 
cerning M.A. but on a further report by 
him that children who choose to resume 
failed tasks recall their successes better 
than their failures, whereas those who 
repeat the previously successful tasks 
remember mostly failures. Resumption 
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of interrupted (failed) tasks does clearly 
increase with age (Rosenzweig)—and if 
those who resume are those who repress, 
then repression must also increase with 
age. Now the present results state 
pretty flatly that repression does not in- 
crease with age (either C.A. or M.A.); 
and one may use them to call into ques- 
tion Rosenzweig’s assumption of an in- 
verse relationship between resumption 
and recall. According to Lewinian the- 
ory, which has been rather well sup- 
ported, a tendency to resume an inter- 
rupted task and a tendency to think 
about it or recall it are expressions of 
the same tension system. This seems 
reasonable. For instance, why should 
a person, unless he be masochistic, dwell 
upon his failures unless he intended to 
do something about them when the 
chance arose? This would seem to be 
what was going on in a sizeable group 
(24 per cent of the 35 subjects) in an 
experiment by Cartwright. These sub- 


jects, asked to rate a series of tasks in 


order of preference, raised their prefer- 
ence-rating after failure. “Interviews 
with the subjects seemed to indicate 
clearly that many subjects who raised 
their preference-rating received the ex- 
perimenter’s evaluation of their perform- 
ance not as failure, but rather as an 
obstacle in the way to the goal... . 
Other subjects seemed to want to ‘erase’ 
the failure by subsequent success in the 
same activity” (1, pp. 11-12). This is 
almost exactly the way the present 
writer would describe his subjects who 
preferred failures in recall. They were 
critical of their performance, they 
blamed themselves for their failures or 
at least they took a certain responsibil- 
ity for them. They perseverated mark- 
edly on unfinished puzzles and gave ev- 
ery indication that if they had a chance 
to finish them later they would cer- 
tainly make the most of such an oppor- 
tunity. Prentice (2, 331) writes further 
that “In terms of Rosenzweig’s formu- 
lation, Cartwright’s subjects who pre- 
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ferred tasks on which they had pre- 
viously failed would be those with strong 
‘ego defenses.’ They are presumably the 
mature and prideful subjects” (italics 
mine). In other words, in terms of 
Rosenzweig’s formulation, they are the 
subjects who repress. This mixes things 
up badly. The writer would argue from 
his own results, as well as from the 
Lewinian experiments and from clinical 
observation, that these subjects of Cart- 
wright’s are precisely the subjects who 
would mot repress, that they are indeed 
relatively mature and have strong ‘ego 
defenses’ which do not include repres- 
sion as a major one, and that the pride 
which they have is of a different sort 
than that which teachers ascribed to 
Rosenzweig’s subjects who preferred 
success in recall.* 

In summary of his interpretations of 
Rosenzweig’s and Zeigarnik’s work 
Prentice writes, “any threats to the sub- 
ject’s view of himself will produce a 
tendency to forget those threats but 
also to overcome them. The mature 
subject or the subject who has sufficient 
pride will be more sensitive to such 
threats, and ‘important’ tasks will be 
more threatening when failed than will 
incidental ones” (2, 331). What needs 
to be stressed here is that forgetting the 
threats to self-esteem is one device for 
self-defense and attempting to overcome 
one’s failures is a totally different one. 
Thus, although both mechanisms might 
well be employed by the same individ- 
ual, most individuals probably tend to 
employ the one or the other most of 
the time. With maturity, in our sub- 
jects at least, there is an increasing use 
of ‘overcoming’ and a decreasing use of 


In Rosenzweig’s instructions to the teach- 
ers who rated his subjects, pride is defined as 
‘eagerness to do well.’ It would seem that 
this trait, which might spring either from an 
achievement drive or from a need for recog- 
nition, is not the same thing as self-respect. 
And it is quite different from the frame of 
mind which leaves a person ‘too proud to 
retreat.’ 
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‘forgetting.’ Thus it is true that sub- 
jects who attempt to erase their failures 
have the strong ego defenses, if by 
strong ego defenses is meant the rela- 
tively adequate defenses which we ex- 
pect to find in a strong ego. Repression 
is the device characteristically resorted 
to by the weak ego, which attempts to 
solve its problems simply by not facing 
them. A strong need to defend the ego 
and strong ego defenses are two entirely 
different concepts. The former is a mat- 
ter of motivation, involving narcissism, 
insecurity, etc., while the latter is a mat- 
ter of technique or ‘mechanism’ for deal- 
ing with one’s problems; the ‘strength’ 
of the former is a matter of motivational 
intensity, while the ‘strength’ of the lat- 
ter lies in its adequacy or effectiveness. 
It is the former—a strong need to de- 
fend the self (or what is nowadays called 
ego involvement)—which in Rosen- 
zweig’s subjects seemed to be associated 
with more advanced mental age and 
with the higher teacher’s ratings on 
pride. Probably a certain minimum of 
intellectual development and a certain 
degree of ‘eagerness to do well’ (pride) 
is necessary for a subject to see in Ro- 
senzweig’s task situation a threat to his 
self-esteem. But it seems wrong to call 
this condition ‘maturity’; and it is even 
worse to assume that whenever such a 
state of affairs exists we necessarily get 
repression. 

One can account in part for the dis- 
crepancy between Rosenzweig’s results 
and ours on the basis that rather dif- 
ferent levels of mental age or maturity 
were represented in the two groups of 
subjects. As shown in Fig. 2, Rosen- 
zweig’s subjects have a_ considerably 
lower average mental age than the pres- 
ent ones—in fact there is only a small 
‘overlapping between these two groups. 
It is apparent too, from a consideration 
of Figs. 1 and 2, that Rosenzweig’s sub- 
jects are, as a group, relatively retarded 
in intellectual development. There is a 
question of what kind of personality or- 
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ganization one might expect most com- 
monly to find among crippled children 
living in such a ‘home,’ but it would cer- 
tainly not be surprising if their ego de- 
velopment were considerably less ad- 
vanced than that of normal children of 
the same age. It may have been in an- 
ticipation of some difficulty in getting 
the subjects ego-involved that Rosen- 
zweig set up a competition by offering 
a reward for the best performance. In 
any case, it seems that some of his sub- 
jects were ego-involved and others not, 
and that it was among the former that 
he found the repressers and the ‘resum- 
ers.’ It is the writer’s opinion that all 
of his own subjects were ego-involved, 
and that variations in their eagerness to 
do well were not so much associated with 
C.A. as they were conditioned by nu- 
merous personality and situational fac- 
tors. Being ego-involved, they reacted 
to failure according to their personality 
organization, the less mature ones try- 
ing to put a good face upon things by 
forgetting their failures and remember- 
ing their successes, the more mature ones 
trying to stick to reality (which would 
decree that they recall successes and 
failures evenly), accepting responsibility 
for their failures and thinking of how to 
erase them, even remembering failures 
as an expression of their tendency to 
keep in consciousness their conflicting 
attitudes toward themselves. 

This does not explain away Rosen- 
zweig’s inverse relation between resump- 
tion and recall, though it would seem to 
cast some doubt upon the general valid- 
ity of his findings. Now let us examine 
his results themselves. 

In the experiment mentioned above, 
Rosenzweig found that 20 of 37 sub- 
jects chose to resume their successes and 
17 chose to repeat their failures. Of the 
20 choosing to repeat successes, 7 re- 
called more failures, 9 recalled evenly, 
and 4 recalled more successes. Of the 
17 choosing to repeat failures, 5 recalled 
more failures, 1 recalled evenly, and 11 
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recalled more successes. These differ- 
ences are clear enough, but N is so small 
that one would ordinarily reckon seri- 
ously with the possibility that chance 
factors might have had a large effect. 
Thus, we note that only 6 of the 20 sub- 
jects choosing to repeat successes were 
given more than 8 puzzles, too few, it 
would seem, to reveal a general trend 
in forgetting. We note further that of 
the 9 subjects in this group who recalled 
evenly, 6 were given only 6 puzzles. 
We can presume that here most of the 
subjects recalled evenly because they 
recalled all the puzzles that were given. 
Thus the results for the group who chose 
to repeat their successes seem at best 
rather unsubstantial. 

Results are more clear cut in the case 
of the 17 subjects who chose to repeat 
their failures. Here the age factor in 
resumption seems undeniable. The 
highest mental age found in the group 
choosing to repeat successes is 8 years, 
5 months, while all the subjects with 
mental ages above 8 years, 5 months, 
chose to repeat their failures. Follow- 
ing Rosenzweig’s lead we may consider 
that the 20 very immature children who 
chose to repeat their successes were not 
really involved in the task situation, 
while the 17 more mature subjects who 
chose to repeat their failures were so 
involved. In the latter group a clear 
majority recalled successes better than 
failures, presumably because their 
greater eagerness to do well led to 
greater involvement in the situation, 
and hence to a greater need to defend 
their self-respect. Now if this were all 
the data we had at our disposal we might 
well conclude with Rosenzweig that with 
increasing mental age there is increasing 
preference for successes in recall. The 
data presented in this paper, however, 
show that when we have to deal with 
higher levels of mental age—levels 
which begin near the place where those 
of Rosenzweig’s subjects leave off, there 
is an increasing tendency to remember 
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more failures. Surely we cannot at- 
tribute this to decreasing involvement in 
the task, because lack of involvement 
has already been ascribed to immaturity. 
We must, it seems, fall back upon the 
explanation that the more mature sub- 
jects were goaded by their pride into 
remembering their failures precisely be- 
cause they hoped somehow to erase them 
or make up for them. Since all the sub- 
jects in the present experiment had 
M.A.s well above 8 years and 5 months 
it can be inferred, from Rosenzweig’s 
data, that they all would have chosen 
to resume their failures. Thus the use 
with these subjects of Rosenzweig’s pro- 
cedure for obtaining repetition choice 
would hardly have suggested an inverse 
relation between resumption and recall! 
To check on the question as to whether 
in mature subjects the tendency to re- 
sume and the tendency to recall failed 
tasks are manifestations of the same ten- 
sion system, it might be well to use a 
technique similar to Cartwright’s—#.e., 
estimating the attractiveness of com- 
pleted and failed tasks—in conjunction 
with the present technique for obtaining 
recall. Until this, or a similar experi- 
ment, has been done, it cannot be said | 
that the facts have even caught up with 
the theories, let alone surpassed them. 
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THE MEANING OF EXPLANATION 


BY DAVID L. MILLER 


University of Texas 


I. INTRODUCTION AND BACKGROUND 


Can we make a significant distinction 
between description and explanation? 
This question is foremost with modern 
scientists and philosophers who believe 
that a teleological approach to an under- 
standing of the world is futile. In what 
follows we will make an attempt to say 
yes to this question and to show what 
explanation rightfully means in modern 
science. 

Obviously the ancient and mediaeval 
belief that an understanding of natural 
processes requires a foreknowledge of 
that for the sake of which they take 
place passed away with the advent of 
the early modern scientists such as Gali- 
leo, Pascal, Descartes, Hobbes, etc. The 
question why do things happen as they 
do was superseded by the question how 
do they happen. Final cause (teleol- 
ogy) gave way to efficient cause (me- 
chanics). Does this mean that explana- 
tion and understanding were supplanted 
by description? Must we, to be logi- 
cally consistent, conclude that descrip- 
tion is the only valid function of science 
and that our quest for explanation is a 
vestige whose fulfillment science forever 
precludes? I think not. But rather, 
although scientific explanation can never 
consist in finding final causes or that 
for the sake of which things take place, 
explanation gives an intelligent, rational 
account of what would otherwise be 
logically and rationally disconnected 
sense experiences. Certainly the pur- 
pose or purposes for phenomena, if 
meaningful at all, are not to be sought 
after in science. Admittedly teleologi- 
cal notions are gratuitous in the sense 
that, through over-generalization, they 
have been furnished by men’s minds and 


superimposed upon the external world 
at the expense of a more significant un- 
derstanding of natural processes. Pur- 
pose in this sense is a metaphysical con- 
cept having no possible confirmation in 
the science laboratory. Such a concept 
not only transcends experience, but, as 
August Comte and apparently all posi- 
tivists since his day including many con- 
temporary logical positivists are prone 
to conclude, any statement which goes 
beyond the facts (i.e., any statement 
other than a descriptive one) is to be 
condemned as metaphysical and as a 
hindrance to science (1). A corollary 
to this conclusion is that the rightful 
function of science is to describe only, 
and that ‘explanation’ is significant of 
the psychological reactions of the ‘ex- 
plainer,’ but contributes nothing to the 
body of scientific knowledge. Let us 
show that this conclusion and its corol- 
lary are false, and that, contrariwise, 
description without explanation is blind 
and sterile; admitting, of course, that 
explanation apart from description is 
incomplete and insignificant. 
Apparently Karl Pearson assumes 
that all types of explanation are teleo- 
logical in character and, consequently, 
if one rejects teleology as a scientific 
principle then science can do nothing 
other than describe. He says: “The 
scientific law is a description, not a 
prescription” (7, p. 104). Also, “Sci- 
ence for the past is a description, for 
the future a belief; it is not, and never 
has been, an explanation, if by this word 
is meant that science shows the meces- 
sity of any sequence of perceptions” (7, 
p. 136). And again, “When, therefore, 
we say that we have reached a ‘mechani- 
cal explanation’ of any phenomenon, we 
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only mean that we have described in the 
concise language of mechanics a certain 
routine of perceptions. We are neither 
able to explain why sense-impressions 
have a definite sequence, nor to assert 
that there is really an element of neces- 
sity in the phenomenon” (7, p. 140). 

Such men as Pearson, Mach, and 
Poincaré object to the metaphysical 
contentions of science; they reject the 
belief that sensations (which to them 
constitute the sole object of scientific 
knowledge) have causes (things in them- 
selves) which cannot be sensed. They 
grant, of course, that if there were things 
in themselves serving as a condition for 
sensations, and if we could know them, 
then we would be able to predict the 
order of sensations (or perceptions) 
through an analysis of their causes 
(things in themselves) and we would 
have both necessity and explanation. 
For the most part the rebellion against 
explanation has been of this general 
sort; it is a rebellion against the belief 
that there is a metaphysical (beyond 
sensation) condition for change, whether 
that condition be a purpose in the mind 
of God or a more natural one such as the 
“inner nature” of matter. In general, 
also, the attack on metaphysical beliefs 
has been made by showing that predic- 
tions made by way of an analysis of 
either purpose or matter are at best 
highly probable and never certain, as 
they should be if/the future is an un- 
folding of an inherent necessity, be it in 
nature or in God’s will. 

Let us grant that Pearson and others 
are correct in rejecting teleology or any 
other ‘inner necessity’ as a scientific ba- 
sis of explanation. But we cannot grant 
that “scientific law is a description.” 
Rather, we shall contend, a scientific law 
can be and in most cases is an explana- 
tion, not a description. In order to 
avoid an atfgument over words we must 
show clearly the distinction, and finally 
the relationship, between description and 
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explanation as they apply to modern 
scientific procedure. 

Every explanation must have essen- 
tially two differentiating factors which 
description lacks. 

(1) Every explanation must make a 
prediction. 

(2) Every explanation must make 
the phenomenon explained intelligible 
by referring to more basic or more fun- 
damental experiences which the person 
to whom the phenomenon is being ex- 
plained will grant as psychologically (or 
intuitively [5, p. 1]) satisfactory. Let 
us discuss the first factor before dis- 
cussing the second, and independent of 
the second. 


II. Description versus EXPLANATION 
August Comte wrote: 


“Our business is,—seeing how vain is 
any research into what are called Causes, 
whether first or final,—to pursue an ac- 
curate discovery of these Laws, with a view 
to reducing them to the smallest possible 
number. By speculating upon causes, we 
could solve no difficulty about origin and 
purpose. Our real business is to analyse 
accurately the circumstances of phenomena, 
and to connect them by the natural rela- 
tions of succession and resemblance. The 
best illustration of this is in the case of 
the doctrine of Gravitation. We say that 
the general phenomena of the universe are 
explained by it, because it connects under 
one head the whole immense variety of 
astronomical facts; exhibiting the constant 
tendency of atoms towards each other in 
direct proportion to their masses, and in 
inverse proportion to the squares of their 
distances; whilst the general fact itself is 
a mere extension of one which is perfectly 
familiar to us, and which we therefore say 
that we know;—the weight of bedies on 
the surface of the earth. As to what 
weight and attraction are, we have nothing 
to do with that, for it is not a matter of 
knowledge at all. Theologians and meta- 
physicians may imagine and refine about 
such questions; but positive philosophy re- 
jects them. When any attempt has been 
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made to explain them, it has ended only 
in saying that attraction is universal weight, 
and that weight is terrestial attraction: that 
is, that the two orders of phenomena are 
identical; which is the point from which 
the question set out” (2, pp. 701-702). 


From Comte’s antimetaphysical doc- 
trine springs the general conclusion that 
the sole function of science is to de- 
scribe, not explain. But suppose we do 
nothing more than ‘state the facts’ in 
their spatio-temporal order. Suppose 
we do not go beyond the facts but let 
them ‘speak for themselves,’ lest we 
introduce extraneous, unwarranted meta- 
physical elements. What would this 
amount to, if it is possible at all? Is 
it possible for men to detect events in 
their native form, uninterpreted? C. I. 
Lewis, in Mind and the World Order, 
has shown us that it is not only impos- 
sible to do so, but that it is undesirable 
and even insignificant. But if we could 
submit an ‘unbiased,’ ‘objective’ record 
of the facts, that record would not have 
either a spatial or a temporal reference 
system involved. We could not, in sub- 
mitting such a record, state any sort of 
relationship between the facts, such as 
before, after, simultaneous with, above, 
below, to the right or left of, etc. Our 
quest for sheer description would break 
down unless we resorted to the insignifi- 
cant task of portraying images in a dis- 
orderly, disconnected, dream-like man- 
ner. 

But suppose we permit one to describe 
the facts with reference to other facts; 
i.e., in their spatio-temporal setting. 
This alone would never give us laws. 
We would have nothing more than state- 
ments about particular experienced 
events. We could never say, for ex- 
ample, that if objects are sliding down 
inclined planes, whose friction is negli- 
gible, the acceleration of descent is pro- 
portional to the sine of the angle (ac- 
celeration = & sin x). Rather we would 
confine ourselves to particular instances. 


Pure description does not give us a law 
of nature. A law must always go be- 
yond the given and, of course, descrip- 
tion is limited to the experienced object, 
or, possibly, in sheer description, to the 
given. Karl Pearson writes: 


“The object served by the discovery of 
such scientific laws is the economy of 
thought; the suitable association of concep- 
tions drawn from stored and correlated 
sense-impressions, permits the fitting exer- 
tion to follow with the minimum of thought 
upon receipt of an immediate sense-impres- 
sion” (7, p. 93). 
But Pearson will never grant that laws, 
if valid, transcend a description of sense- 
experience. For him it is a summary of 
past experiences. “. . . it is a résumé or 
brief expression of the relationships and 
sequences of certain groups of percep- 
tions and conceptions, and exists only 
when formulated by man” (7, p. 98). 
Clearly if a law were confined to sheer 
description it could never make a pre- 
diction. In fact it could never state the 
relationship between events or facts, if 
those relationships were simply spatio- 
temporal ones. Past experiences and 
past events confined unto themselves 
can never legislate over the future. To 
assume that a description of causally 
disconnected ‘facts’ will enable us to 
foresee future events is gratuitous. Cer- 
tainly extreme positivism, with its quest 
for warranted knowledge based on ex- 
perienced facts, breaks down as a 
method of accounting for laws which in 
fact enable us to predict what is com- 
ing. We may not predict with certainty, 
but nevertheless a law is designed to 
aid in predicting. Prediction is not de- 
scription. But when one is able to pre- 
dict by use of laws based on experience 
(but not a summary of experience) he 
has one of the essential characters of 
explanation; the world of sense experi- 
ence begins to take on the character of 
intelligibility. Isolated facts and a sheer 
account of them (if that is possible) 
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give us an unintelligible world. One 
may account for them by explanation, 
one factor of which is predictability of 
the future by way of laws—all of which 
transcend the given in that they have 
future referents which are neither ex- 
perienced nor experienceable in a pres- 
ent sense datum. Intelligibility is en- 
tirely lacking in description per se. Al- 
though the predictive potency of state- 
ments is not description, it is essential 
to explanation. 


III. PrrmittveE EXPERIENCE AND 
EXPLANATION 


As explained above, the other factor 
essential to the intelligibility of nature 
(or to explanation) is what I prefer to 
call a mative acquaintance with the ele- 
ments into which a situation can be ana- 
lyzed. This analysis may be actual, 
but in most cases it is an ideal abstrac- 
tion. This mative acquaintance might 
well be called a primitive subintellectual 
experience (in the sense that more com- 


plex experiences are analyzable into it 


or deducible from it). This may seem 
like nonsense, but a little consideration 
will disabuse our minds of this conclu- 
sion. 

Ernst Mach, who rebelled openly 
against traditional metaphysical theories 
of explanation, nevertheless has a theory 
of explanation which he supports ade- 
quately, not by sheer verbalization, but 
by historical facts, as we shall see later. 
He writes: 


“When once we reach the point where 
we are everywhere able to detect the same 
few simple elements, combining in the ordi- 
nary manner, then they appear to us as 
things that are familiar; we are no longer 
surprised, there is nothing new or strange 
to us in the phenomena, we feel at home 
with them, they no longer perplex us, they 
are explained” (5, p. 7). 

“The object that Archimedes and his 
successors sought to accomplish . . . , con- 
sists in the endeavor to reduce the more 
complicated case of the lever to the simpler 
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and apparently self-evident case, to discern 
the simpler in the more complicated, or 
vice versa. In fact, we regard a phenome- 
non as explained, when we discover in it 
known simpler phenomena” (5, p. 19). 


We will find that throughout the his- 
tory of science men such as Archimedes, 
del Monte, Stevinus, Galileo, Daniel 
Bernoulli, Nemorarius, and others, who 
sought to establish mechanics on a sound 
basis, always tried to find that human 
experience which is somehow primitive 
and could, therefore, serve as a principle 
of explanation. (Of course, the science 
of mechanics, as we know, serves as the 
basis and as the prototype of many other 
branches of science.) This human ex- 
perience which they sought was not a 
purely intellectual experience. It was, 
rather, kinesthetic experience, such as 
sensations from the muscles, tendons, 
and joints, coupled possibly with the 
sense of balance. They wanted that ex- 
perience in which any person could both 
feel (or sense) and see (or discern) what 
is to follow. E£.g., some held that equal 
weights suspended from the lever arms 
at equal lengths from the (center) ful- 
crum would balance each other, and 
that nothing (by way of motion) would 
happen (they would be in a state of 
equilibrium). These contenders (5, 
Chaps. 1, 2) believed that this case is 
the very principle of statics which, in 
turn, is the basis for an understanding 
of dynamics. Others, of course, held 
that the balanced lever arms is a spe- 
cial case of dynamics. 

These scientists were not asking the 
questions: Which situation will we ac- 
cept arbitrarily as the conventional one? 
Which is simplest? Which is the one in 
terms of which we can describe other 
phenomena? They looked for kines- 
thetic sense experiences in terms of 
which, when made explicit to the mind, 
the world could become intelligible, or 
in terms of which their science would 
be significantly true of the world in the 
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sense that phenomena would then be 
explained. This will always be a part 
of the meaning of explanation. Explan- 
atory experiences are not altogether in- 
tellectual. They are also primitive and 
necessary. 

It is reasonable to believe that we 
have the experiential basis for an ex- 
planation of méchanics in some such 
experience as that of walking or lifting. 
In the former we continually rise and 
fall forward and, in a sense, maintain 
our balance. In the latter, we change 
the line of gravitational pull on our body 
and at the same time use the principle 
of the lever. Some such primitive ex- 
periences as these bridge the gap be- 
tween mechanics as an abstract deduc- 
tive science on the one hand and the 
practical application of that science on 
the other hand. These primitive, sub- 
intellectual experiences must be made 
explicit to the mind before an abstract, 
deductive, practical science can emerge. 
These experiences, when made explicit, 
or when we become intellectually con- 
scious of them, constitute the basis of 
explanation. 

Surely the logical positivists (logical 
empiricists) are not objecting to this 
non-metaphysical type of explanation. 
For here we have shown what in prin- 
ciple is necessary if we are to have ex- 
planation and also a sound experiential 
basis for it. What positivists (and most 
scientists who have considered the mat- 
ter) object to is a metaphysical basis for 
explanation. What does metaphysical 
mean to them? It means that an insur- 
mountable logical breech has been set 
up between ‘explanation’ and things di- 
rectly experiencable and waiting to be 
explained. Professor Herbert Feigl 
writes: 


1 Here we do not have space to show how 
these primitive, sub-intellectual experiences be- 
come explicit to the mind. The reader will 
find excellent suggestions in G. H. Mead’s 
book (6), Supplementary Essays I and II. 


“The locus of ‘necessity’ in the light of 
which the facts appear when explained 
lies . . . , exclusively in the relation of 
logical implication between premises and 
conclusions. This insight enables us to 
avoid the reductive fallacy according to 
which science is nothing more than de- 
scription. For science pure and simply 
gives merely an account of but does not 
account for the observed phenomena in the 
way just elucidated” (3, 4). 


Similarly Hans Reichenbach, in his 
well-taken new book, The Philosophical 
Foundations of Quantum Mechanics 
(8), is careful to show that scientific 
theory and interpretation must be con- 
fined to what he calls ‘interphenomena’ 
(i.e., those events lying, spatially and 
temporally, between phenomena directly 
experienced but which, nevertheless, call 
for explanation). These interphenom- 
ena must be presented in such a way 
that they connect an earlier observed 
phenomenon, p,, with a later observed 
phenomenon, p,. These interphenomena 
are not presumably metaphysically dif- 
ferent in structure or in reality than 
the phenomena (observed events). 
They connect phenomena logically and 
thereby justify deductive sciences. 

I would go one step further, not in 
the direction of metaphysical abstrac- 
tions which are emotionally satisfying 
but lead to logical gaps in science, but 
in the direction of more universal and 
more primitive, sub-logical experiences 
so as to justify our quest for explana- 
tion by finding in experience that which, 
when made explicit to us, bridges the 
logical gap between events whose rela- 
tionship lies there to be explained. I 
would contend that Reichenbach’s most 
worthy distinction between phenomena 
(observable events) and interphenomena 
must be pursued further in order to jus- 
tify our quest for explanation without 
which laws and the predictive potency 
of scientific statements, and finally sci- 
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ence itself, would be insignificant. But 
these interphenomena, if intelligible and 
if they bridge the logical gap between 
spatially and temporally separated ex- 
perienced and experienceable phenom- 
ena, must be formulated in terms of 
these primitive experiences described 
above. In conclusion, the description 
and analysis of experienced phenomena 
will obviously never give us laws, the- 
ories, or logical connection between 
events. Consequently they will never 
give us explanation. 


REFERENCES 


1. Carnap, R. Philosophy and logical syntax. 
In Language, truth and logic (A. J. 
New York: Oxford Univ. 


Ayer, Ed.). 
Press, 1936. 


Davin L. 


MILLER 


2. Comte, A. The law of the three stages. In 
Anthology of modern philosophy (D. S. 
Robinson, Ed.). New York: Crowell, 
1931. Pp. 697-711. 

. Fetct, H. Logical empiricism. In Twen- 
tieth century philosophy (D. D. Runes, 
Ed.). New York: Philosophical Li- 
brary, 1943, Part I, Chap. 1. 

.—. Rejoinders and second thoughts. 
Psycnor. Rev., 1945, 52, 278-281. 

. Macu, E. The science of mathematics 
(trans. by J. T. McCormack). La 
Salle: Open Court, 1942. 

. Meap, G. H. The philosophy of the pres- 
ent. Chicago, London: Open Court, 
1932. 

. Pearson, K. Grammar of science. New 
York: Scribners, 1892. 

. Retcuensacu, H. The philosophical foun- 
dations of quantum mechanics. Berke- 
ley: University of California Press, 
1944. 





OPERATIONISM AND PSYCHOLOGICAL THEORY: 
A NOTE 


BY W. C. H. PRENTICE 
The Johns Hopkins University 


The recent symposium on operation- 
ism has had the effect of clarifying a 
large number of issues which have 
needed airing for several years. The 
authors have not, however, taken Ques- 
tion 7 seriously enough.’ No one of 
them seems really worried that posi- 
tivism may, to use a well-worn phrase, 
turn into negativism by stifling the de- 
velopment of new and useful theories. 
If operationists deny that they have ever 
tried to ‘legislate’ on the procedures of 
others, that is well and good; but their 
discussions and criticisms have produced 
a social climate in which the psychologi- 
cal theorist may hesitate to present the- 
ories which contain non-operational defi- 
nitions. 

A recent case in point is the revival 
by Spence * of an old controversy con- 
cerning ‘continuous’ vs. ‘non-continuous’ 
learning. Stated in terms which are not 
defined operationally but which are nev- 


1Symposium on operationism. PsycHOL. 
Rev., 1945, 52, 241-294. Question 7 reads 
as follows: 7. Must operationists in psychol- 
ogy relegate theorizing of all sorts to the 
limbo of metaphysics? Bridgman in physics 
is perfectly aware of the value of theories as 
long as they are in keeping with his opera- 
tional requirements. The Gestaltists, particu- 
larly Kohler and Koffka, have repeatedly at- 
tacked positivism (an identical twin of opera- 
tionism), reproaching it for its (alleged) op- 
position to theoretical construction. C. C. 
Pratt (Logic of Modern Psychology, pp. 147- 
154) on the basis of his operationism main- 
tains that all theoretical explanation is circu- 
lar or tautological. Kohler (Dynamics in Psy- 
chology, pp. 107-125) holds a strictly oppo- 
site view. Which position is the most ade- 
quate for psychological research? 

2Spence, K. W. An experimental test of 
the continuity and non-continuity theories of 
discrimination learning. J. exp. Psychol., 1945, 
35, 253-266. 
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ertheless intelligible to literate people, 
the basic question of this controversy 
runs as follows: “Does the mere pres- 
ence of stimuli relevant to the solution 
of a problem affect the course of learn- 
ing whether or not the subject becomes 
aware of their relevance?” 

The ‘continuity theorists’* say yes. 
According to their view, the mere physi- 
ological reception of a stimulus cue is 
sufficient to insure that associations will 
be set up and response tendencies deter- 
mined. If now the relevance of such a 
cue be reversed (e.g., the bright alley 
become ‘correct? and be rewarded 
whereas it was previously ‘incorrect’ and 
led to punishment) the difficulty of 
learning the new problem will be in- 
creased. 

The ‘non-continuity theorists’* say 
no. If they are correct, no change in 
the relevance of cues to the true (or 
Experimenter’s) solution can affect the 
course of S’s learning unless the re- 
versal is experienced as violating a ‘hy- 
pothesis’ already set up by S. 

There are difficulties with both theo- 
ries. But the important fact for the 
present discussion is that ‘operationism’ 
in its most radical form has served to 
becloud the issues. 

The key to the whole controversy is 
the fact that Krechevsky,’ impressed by 


8 Principally Spence, T. L. McCulloch, and 
J. C. Pratt (see references in Spence, op. cit.) 
but supported by Hull. 

4 Principally I. Krechevsky and M. Haire 
(see references in Spence, op. cit.) but sup- 
ported in part by Lashley and Kohler in vari- 
ous writings. 

5 Krechevsky, I. ‘Hypotheses’ vs. ‘chance’ 
in the pre-solution period in sensory discrimi- 
nation learning. Univ. Cal. Publ. Psychol, 
1932, 6, 27-44. 
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the systematic nature of animal behavior 
during the ‘pre-solution period’ in learn- 
ing experiments, proposed that the ani- 
mals were not responding mechanically 
and in random fashion but were behav- 
ing in accordance with ‘hypotheses.’ 
But, and here is the crux of the matter, 
Krechevsky felt constrained to define 
the term ‘hypothesis’ operationally, and 
he defined it in terms of the animals’ 
systematic responses themselves. The 
result is that the term ‘hypothesis’ im- 
mediately ceased to have a valid raison 
d’étre. 

The mere fact that Krechevsky chose 
the word ‘hypothesis’ suggests that the 
animals’ systematic responses led him 
toward the belief that animal learning 
is at least partially governed by sym- 
bolic processes analogous to those in 
man. For in man a hypothesis is a sym- 
bolic solution which precedes attempts 
at verification on the manipulative or 
practical level. The notion that some- 
thing similar may play a part in the 
activities of rats is a perfectly good the- 
ory and is supported by the systematic 
behavior of the animals during the ‘pre- 
solution’ period. But Krechevsky de- 
feated his own cause by his overzealous 
operationism, and Spence has added to 
the confusion by insisting that ‘hypothe- 
sis’ and ‘pre-solution period’ are mean- 
ingless unless they are defined in terms 
of the animals’ responses. Which is 
clearly not true. 

At the human level we know that 
problems can be solved without overt 
behavior. When overt behavior is nec- 
essary to satisfy an Experimenter, how 
is ‘solution’ to be defined? Did it oc- 
cur when the subject had the proper 
insight which enabled him to solve the 
problem? Or did it only occur when he 
proved to the Experimenter that he had 
had the proper insight? Suppose the 
‘continuity’ vs. ‘non-continuity’ experi- 
ments to be carried out with human sub- 
jects: reversal after the insight (which 


OPERATIONISM AND PsyCHOLOGICAL THEORY 


was private) but before demonstration 
of the insight to E will certainly increase 
learning time. But the test of ‘non- 
continuity’ must be reversal before in- 
sight. The human subject, moreover, 
may have multiple hypotheses. While 
he is trying out one hypothesis (e.g., 
that the ‘correct’ door follows a double 
alternation pattern) he may also be 
noticing whether the correct one is al- 
ways the lighted one (without, however, 
making overt systematic responses to 
the ‘lighted’ or ‘non-lighted’ character- 
istic). Who shall say that these things 
do not occur in rats? Any psychologist 
will admit that such mechanisms cannot 
be assumed until objective criteria are 
available, and the search for such cri- 
teria must continue, but the attempt by 
Spence et al. to establish an alternative 
theory by insisting on definitions which 
do not define only confuses the issue. 
Two difficulties may be noted. First, 
the very term ‘hypothesis’ is misleading 
when it has been defined to mean a kind 
of behavior. If hypotheses in rats were 
what they are in man, the hypothesis 
would necessarily precede the behavior 
which indicated its presence, and lack of 
that behavior could not disprove the 
existence of the hypothesis. Second, 
and similarly, the operational definition 
of ‘pre-solution period’ has made the 
‘non-continuity’ theory apparently sub- 
ject to tests which actually are not cru- 
cial. In terms of the accepted defini- 
tions, Spence and his followers surely 
have the better of the argument; but 
the fact remains that those accepted 
definitions have prevented the ‘non- 
continuity theory’ as stated by Lashley 
from ever receiving an adequate test. 
Operationists will reply that the 
Krechevsky-Spence controversy springs 
from bad operational definitions, not 
from operationism as such. Of course. 
But so long as psychologists feel forced 
to supply operations where none exist, 
they cannot escape the dilemma: give 
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up your concept (at least, do not pub- 
lish it) or supply inadequate definitions 
which confuse scientific thinking despite 
a spurious appearance of precision. 

We are still without operations which 
can define ‘noticing the stimulus cues’ 
or ‘having a (symbolic) hypothesis’ in 
animals, but the concepts are surely not 
meaningless. The implied insistence 
that “what is not operationally definable 
has no place in science” has forced the 
dilution of a good theory to a strength 
potable to the operationists; but it has 
thereby destroyed precisely the flavor 
which was valuable. 

Here is the common ground of posi- 
tivism and negativism. Here is where 
they meet. In the normal course of 


events, psychologists would have worked 
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out the tests, observations and experi- 
ments necessary to objectify such con- 
cepts as ‘hypothesis’ and ‘solution’ since 
that is the normal procedure of science. 
If no technique appeared in the long 
run, the concept would have been 
dropped as unfruitful (but not mean- 
ingless). Actually, however, the opera- 
tionist kibitzer has seemed to say, “You 
cannot even talk about such things in 
science unless you define them in op- 
erational terms. And I mean now.” So 
the possibility of solving some basic 
problems of learning has been snowed 
under by meaningless experiments and 
more meaningless argument. The posi- 
tivistic pressure has completely negated 
the force of Lashley’s and Krechevsky’s 
theories. 





























